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ABSTRACT

This study examined patterns of arowth shown by Rubus

fruticosus L.,agg. - the bramble~and looked at factors which control-

led its growth, Literature on bramble ecology that was reslevant
to British conditions was reviewed., The study took place in Wytham
Woods, a mixed, mainly deciduous wood. The soils varied from shallow

limestone soils to heavy clays. Rubus vestitus Weihe and Ness was

the most common bramble species.

Three sites were chosen ranaging from one where bramble
growth was very poor to one of the most productive bramble areas in
Wythams, The changing distribution of dry weicht within a bramble
stand over a year was followed by splitting the plant into its
components; leaves, laterals, canes of different ages.

The bramble stands were sampled on ten occasions during 1974
at - four to six week intervals., All above ground material was

removed from t:encﬂe

A@etre~square plots from each area, at each sample
time.

The overall pattern of dry weight change was the same for
the three areas., Total biomass showed a summer paak, the result of
three processeste

(1) The dry weight increase by first-ye~r canes.
(2) The initial increase and subsequent decline in weight of the

second=ynar cane system because of growth and die-b-ck of

the later=sls,
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(3) The final dis-back of the c=ne system that had flowered
the previous year. Standinc dead, dead canes still
attached to the rootstock and separate from the litter-

layer - showed no seasonal change in dry-weight.,.
The dry weight increase by the laterals was of the same
magnitude as that by canes. The main cane growth however was & = 6
weeks later than that of the laterals, Thus lateral lsaves formed
the bulk of the sarly summer canopy while cane leaves became more
important in autumn and over winter.

direct

Leaf area ner plot was estimat~-d fraﬁ‘measurement of a

of RA\Own drg oeg%ht‘.
sample‘ The win¥er bYamble canopy was only half that in summer.

Summer leaf‘-area-—gz\de‘z‘/ were 0,8 in the poorest bramble sites measured,
2.1 in the best,

The main crowth of canes and lsterals was by increase in
length, Total stem lesngth per plot showed 2 summer pe=k,

Variations in both plant size and nlant density (numbers/sq.m)
caused the dry weicht differences between the areas. Tree ccompetition
appeared to control these differences, the bast growth occurring
under an ~sh canopy, the worst under an oak/sycamore one.,

Bramble biomass in Wytham wzs up to seven times greater than
that reported for other sites in Britap;‘rsr}k‘kﬂﬁtr‘m:;ar(%igmass of bramble
in Britain range from 30-450 g/sq.m and annual turnover of dry weight
from 50-300 g/sg.m/yr. This annual dry weight turnover is less than
that for open-arown, herb communitics, but similar to that for herb
and shrub laysrs in British woodlands. Not all of this dry weight
turnover represents current photosynthesis because there are transfsrs

between roots, canes and laterals,

Over the year the bulk of the biomass was in the sscond-year
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cane system, The turnover time for the standing dead was 1-=7 ye~TrSs
Cycling of material in a bramble stand was thus Paster than for woody
sheabs,

A few rootstocks were excavated. The sizes of the root
crowns matched the differences in shoot growth between arras. Crowns

oy

ranged from 5 - 60mm in diameter and act as storage organs,

The size and spread of the major roots, 4 - 6 per crown was also

greatest in the arecas of grratest shoot growth,.

Records of flowering and fruiting were kept both per unit
area and per cane, Flowering was less in areas of low vigour of
growth, which were usually the most shaded. A direct correlation
between length of laterr-ls =2nd flowering success was found by
comparing flowering on reqrowth canes, or defoliated eanes, with the
control canes for that area. Length of lateral ~nd flowering success
depended on the overall vigour of the cane =nd the laterals' position
on it, Laterals on side branches and the terminal portions of canes
were shaorter and flowered less.

The process of tip-rooting was investigated, Root-Boss
formation increased when the tips of growing canes were covered by
black fabric bags, but not when clear polythene bags were used, This
confirmed the results of others that root-boss formation is increased
if the stem apex is in the dark. Although defoliatins canes reduced
their orowth it did not increase the number that tip-rooted.

The crowth of the daughter plants w»s followed. The paroent
cane was cut at different times aftrr the original tip—rootinc and
leaving different lengths of cane attached to the daughter plant,
Transfer of material to the daughter plant was shown to start in
autumn and continue until the following July. The material was largely

derived from the metre of cane necarest to the dauchter plant. Reverse



transfer, from daughter rootstock to parent cane can occur. Sections
of parent cane separated from their parent root remained alive and

bore laterals if attached to the daughter plant, Competition for

cane reserves between latcrals snd daughter plants may occur. as in

one experiment lateral orowth was greater on canes separated from their
daughter plants than where a daughter plsnt was present,

Tip-rooted canes were more abundant in arsas of poor bramble
growth than in vigowous areas. Such low vigour arsas had a poorly
developed stand structure such that cane tips were more likely to
touch the ground.

Vegetative and floral reproduction were complementary within
the areas considered. Fflowering increased and tip-rooting decreased
as the canes hbacame more vigorous,

Non-destructive measurzments were investigated as a means of
recording bramble growth., Some measurements were made on individual
stems, but the main emphasis was on plot=-based measurements. These
were calibrated =2gainst destructive samplin-o,

Point-quadrats were used for leaf-asssssment, Changes in
leaf=hits per plot agreed well with variations in measured leaf weight
and area, f“greement was better for new leaves than for those which
survived over winter, becamwse the former were more hori-ontal,

Mean canopy heilght, derived from the heights of leaf hits
rose in the summer during lateral growth and declined in autumn, partly
because of lateral die-~back from the tips, partly because of settlinc
of canes under their own weight,

A dense bramble stand was found to have three layersj an upper
leafy zone containing the bulk of the current canopyj a layer in which
are the second=year canes and the remains of ths previous years'
canopy; the leafless lower layer containing most of the standing dead.

Each year's canes grow through the lower layers and come to lie
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horizontaﬂbas a result of their own weicht and that of their laterals
the subsequent year , In following years these canes are forced
lower down the structure.

Intersection values were used to sstimate stem quantities,
These were a variant of Buffon's Needles technique, adapted by Newman
(1966) for root langth determinations. The numbser of stem inter—
sections with rods placed across a plot was related to total stem length
per plot., Stems differed greatly in-angle which csused variation in
the relationship particularly with the taller bramble stands.

Intersection values multiplied by height were well correlated
with plot dry-weight, r2 = (4.8, Regressions of dry weight on adjusted
intersection values showed 1little difference for differ=nt times of
the year,

These non-destructive methods were used to assess bramble
stands which were too limited in area for repested destructive sampling,

Part of the growth of firsteyear canes is based on rootstock
reserves part on photosynthesis built up by the cane leaves. To
separate these two, leaves on first-year canes were removed as they
formeds This reduced cnne orowth by 20 - 507 relstive to the controls.,
The reduction was qreatest in arczas of louw vigour, which had the
smallest rootstocks, The relatively small surface arra of the canes
made it unlikely that stem photosynthesis made a large contribution
to growth of the defoliated canes. A large part of their growth was
presumably therefore on rootstock reserve=s,

Rutumn defoliation of first-ysar canes caused the same
reduction of subsequent lateral qrowth as defoliation from the start
of cane growth, This implied that the main build up of cane reserves

was from September onwards. Defoliation of the laterals themselves
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reduced lateral growth by about 507, the least reduction being found
on the thickest canes, which had the hichest rcserves.

Regrowth of bramble, sfter romoval of top growth, was
measured in two 100 sq.m areas. In firsteysar regrowth cane lengths
were about 65% of those in the second-ysar regrowth which were equal
to those in unclearcd bramble. Lateral and leaf production in
second-year regrowth weres less than in the uncleared bramble, but by
the third yeer ther differcnces were very small.

Variations in bramble dry weight over the sampling areés
were rclated to the presence of differ nt tree sprcies in the over-
storey. Kwo surveys of the vegetation, by Field and Dswkins (In prepn.)
and Lloyd (unpubl,), allowed further investigation of the rslation
between the nature of the overstorey and the bramble growth beneath
it, Greatecst growth in Wytham occurred under ach, lcast under sycamore
or beech. 03k was intermediate. A shrub layer reduced bramble cgrowth
under an ash canopy, but h=d no effect on the amount of bramble under
8yCSMOTE o

None-destructive methods were used to compsre growth of
bramble under gaps with that in the surroundinc shade. Under old gaps
grovth was 56 times that under the tree canopy. Gaps 7m across were
created to determine the rate of rrosponse to a change in the overstorey.
The dry-wsight of bramble under the cape, estimated by non-destructive
methods, almost doubled in the year fcllowing the creation of the gape.
A similarly large increase occurred in the next ye=sr,
T§gmentr¢a$ngf magnesium, calcium, phosphorus, potassium
and nitrogen were determined for leaf and stem materi~l collected over
the year., VFotassium, magnesium and calcium were measured using a

spectrophotometer after dry-aching to remove organic materi-1,

Phosphorus was det:rmined by the molybdo-vanadate yellow test. Nitrogen
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was determined, after micro~keldahl digestion of samples, by the
indophenol blus test.

Calcium concentrations were higher, potassium and nétrogen
levels lower, in material from the most productive of the three bramble
sites, This area had the highest so0il pH and so nrobably also the
greatest calcium availability, The lower potassium and nitrogen
concentrations wer~ probably caused by greater carbohydrate production
"diluting™ the minerals present, 2bsolute weichts of all fivs elements
in the bramble bilomass were greatest in the most productive bramble area.

Falls in the concentrations of nitrog=zn, phosphorus and
magnesium in the second-year canes, dueting laterzl growth, indicated
transfer of material to the laterals, The bulk of the mindeml require-~
ment for the laterals came houever from fresh transfer to the second-
year cane_system from the roota, Total transfer of minsr~nls from the
roots to the second-year cane system was similar to that taken up by
first-year canecs, but’about 607. of firsteyear uptake occurred after the
maxi-um was reached in second-yesar canes. Total weight of minerals in
the above-ground biomass reached a peak in ths summer,

Falls in the minmeral concentrations during dis=back indicated
that some minerals wers withdrawun from stems and leaves prior to their
death, The ueight of minerals in the standing dead was small compared
to the amount in the live shoots so that return of minerals to the
rootstocks or to the littef must have been rapid,

The stag?:?wce;ntrgtmnof‘ the dried stem material was detormined
by using the iodine-complex formation. Starch built up in first-ycar
canes in the autumn after thgfsen“an“ had ended. There was a further
rapid rise in starch content juc-t prior te lat=zral growth beginning.

This indicated that reserves wer~ laid down in the autumn, but also

that photosynthesls by the cane leaves in the spring was important, The
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starch content of the canes fell during laternal growth,
A similar spring peak of starch content was found in the
third-ysar canes and their laterals. This declined as die-~back
preceded, probably because of withdrawal of materiasl to the rootstocks.
This study was the first to measure growth of br%%ﬁf%ﬂ"l?(€0€
the productive sites found in many woods in Britain, The growth
pattern found was similar to that for the le=s productive sites describad
elsewhere. The partitioning of rescurces within the plant was considered
in various wayss firsteyear cane growth vs, later=l growthj transfer
growth vs. current photosynthesisy floral vs. vegetative reproduction.
Quantitative messurements were made of the bramble's rasponse to tree
competition particularly the nature of the tree canopy. From
information on the internal and external factors which control grouth

an attempt was made to explain both the differences in growth tetwesen

sites in Wytham and those betuween Wytham and other woods,



CONTENTS

ACENOWLEDGEMENTS
ABSTRACT
CONTENTS

INTRODUCTION 1 -

BRAMBLE ECOLOGY AND GROWTH

Introduction

Some aspects of bramble ecology

Growth and development of bramble
INVESTIGATION OF BRAMBLE GROWTH IN WYTHAM
Scope of the study

The field area

Bramble species present in study areas

DRY WEIGHT CHANGES IN A BRAMBLE STAND OVER A YEAR 15 -

METHODS AND MATERIALS

Bites

Sampling procedures

RESULTS

First-year cane systoa

Second-year cane system

Third-year cane systen

Comparison of growth by first and second year cane systems
Total biomass

Standing dead

Year-to~year variation

(1)
(1)
(x)
14

30
32
35
37



Page
Differences in growth timing between areas 359
Leaf cover 39
Changes in stem length over the year L2
Plant density L5
Partitioning of dry weight between components L7
Relations between weights of different components 50
DISCUSSION 58
Differences in areas in overall growth 58
Environmental differences between areas 58
COMPARISON OF BRAMBLE GROWTH IN WYTHAM WITH GROWTH 59
AT OTHER SITES

Annusal turnover of bramble dry weight 59
Distribution of bramble dry weight between components 66
Comparison of bramble stands with other species 68
THE ROOT SYSTEM 71
REPRODUCTION IN BRAMBLE h - 101

FLORAL REPRODUCTION 70
Introduction Th
Flower initiation and development Th
Inflorescence numbers per unit area in Wytham 75
Flowering and fruiting on individual canes 77
Causes of flowering differences between aresas, 79
Discussion 83
TIP~-ROOTING BY CANES 83
Introduction 83
Stem-tip covering and root-boss formation in Wytham 85

Defoliation of canes and tip-rooting

89

(x1)



Page
GROWTH OF DAUGHTER PLANTS 89
Effect of time of separation on growth of daughter plants 89
Critical length of parent cane, growth of laterals 91

on detached parent cane
Combination of defoliation and separation treatments and 95
new cane growth

Discussion 95
VEGETATIVE AND FLORAL REPRODUCTION IN WYTHAM 97
Occurrence of tip-rooted stems in Wythanm o/7
Relative abundance of floral and vegetative reproduction SS9
Discussion 100
NO¥ DESTRUCTIVE SAMPLING 102 - 144
Measurements on individual stems 102
Area-measurements - Introduction 105
POINT-QUADRATS 106
Introduction 106
The recording process 107
Leaf hits/sq.m for the harvest plots 110
Leat hits in permanent plots 114
Canopy profiles 118
Stand Structure 120
INTERSECTION VALUES 128
Method 128
Results 129
A.I.V. changes in the permanent plots 1974-76 138

(xii)



SOURCES OF CARBOHYDRATES FOR GROWTH IN BRAMBLE

Introduction

Defoliation Experiments - methods

Results ~ cane growth

Lateral growth

Conclusions on transfer growth in bramble

REGROWTH OF DBRAMBLE

Introduction

Cane and lateral lengths
Regrowth plots
DNMscussion

TREE COMPETITION AND BRAMBLE GROWTH

Introduction

Patchiness in Area C

The Wytham Survey

Vegetation survey carried out by Dr, P.8. Lloyad
Growth of bramble under "old" gaps

Crowth under gaps created in Wytham

Discussion

CHEMICAL AKALYSIS OF MATERIAL FROM HARVEST PLOTE

MINERALS-MATERIALS AND METHODS
Material

Errors and Bias in sampling
Nethods

RESULTS - MINERAL CONCENTRATIONS

Between area differences

Variations between components in the area differences

Seasonal concentration changes for components

Growth of young stems

Page

145 - 157

145
146
150
154
157

158 - 170

174

158
160
160
167
- 197
171
171
175
180
186
190
196

5 = 239

198
198
198

208
210

211
211

(xiii)



Page

Minerals in the Second-year cane system 216
Leaf Concentration changes 217
Transition from live canes to standing dead 218
Year-to-year variation 219
Comparison with results from other sites 222
TOTAL WEIGHTS OF MINERAL IN ABOVE-GROUND BRAMBLE BIOMASS 222
Distribution of Minerals 222
STARCH CONTENT OF BRAMBLE STEMB 236
Method 236
Results 236
Conclusions 239
CONCLUSIONS 240 - 246

Survival and growth of bramble in woodland 240
Comparison of a bramble stand with herb and shrub layers 241
Distribution and movement of nutrients within the plant 243
Reproduction by bramble 20y
SUMMARY OF RESULTS 2h7 - 250

REFERENCES 251 - 254

Appendiges 255



INTRODUCTION

BRAMBLE ECOLOGY AND GROWTH

INTRODUCTION

1, The growth of Rubus fruticosus L.agg - the bramble or

blackberry has received relatively little attention in Britain,
despite its frequent occurrence in woodlands and hedgerows.

Because it may suppress the growth of tree seedlings, bramble is

a major obatacle to the simple regeneration of our hardwood forests.
Bramble thickets hamper movement through woods and also invade

grassland if the grazing pressure is reduced;

2. In this study 1 examined the pattern of bramble growth

found in Wytham woods and some of the factors

which operate on the plant to determine this pattern. Various aspects
of bramble growth were examined: phenology, reproduction, internal
changes, annual turnover of dry weight. Comparisons were made between

growth in Wytham and at other sites.

SOME ASPECTS OF BRAMBLE ECOLOGY

3. BRAMBLE IN GRASSLAND During the change from grassland to

scrub dense thickets of bramble frequently occur. On some sites it is

a pioneer, (Adamson 1932) and other species establish within the

protection of its thickets. These areas of bramble and associated



species apread and coalesce. The trees and shrubs assume dominance
and may eliminate the bramble. Often, however, the bramble persists

into the woodland phase.

4. On shallower, limestone soils, Watt (1934) found bramble to
be less competitive with grassland. It was unable to assume or maintain
dominance in the open and was abundent only where some overhead canopy
had developed. Where it did occur on the commons it was less vigorous

than under woodland,

8. The invasion of grassland from nearby thickets or hedgerows
is usually by bramble stems that root at their tips. Daughter plants
formed in this way have a lfrger food base than seedlings. They are

thus better able to establish in a closed, highly competitive community.

6. BRAMBLE IN WOODLAND In mature woodland bramble may form the
shrub layer giving & continuous canopy which may be over one metre
high. The herb layer associated with a dense stand of bramble is

generally poor. Sometimes a joint Pteridium-Rubus society is formed

(Tansley 1949). VWatson (1938), however, considered that bramble tended
to die out where bracken was dominant., This may be because, on
bracken-dominated sites, fire or grazing is present which controls the

bramble.

7. SHADE TOLERANCE Salisbury (1918) showed that bramble can
tolerate low light levels during the growing season and survive for
several years under deep shade, though often as stunted individuals,
If conditions change, as when a coppice cut is taken, there is an

increase in the growth of those plants already present and an invasion



of bramble seedlings. Most of these latter die out as regrowth of

the trees takes place and the overhead canopy is restored.

8. For beech Watt (18634) found that the height and density of
the bramble below varied with the degree of cover. Bramble vas
eliminated under the deep shade of young beech, but often reappeared
in the older stands. Kerner (in Conard 1951) reported that death of
the bramble layer during the early growth of a pine stand was quicker
than under beech. The presence of a shrub layer may lead to bramble
dying out even under a species, such as ash, wvhich has a diffuse canopy
(Watt 1924). The species comprising the bramble aggregate differ in

their tolerance to shade.,

9. SOIL REQUIREMENTS In the oak woods of Hertfordshire,
Salisbury (1918) found bramble on a wide range of soil conditions. In
beech wvoods (Tansley 1949) Rubus appears to be associated with the brown
earths, rather than the podsols or rendzinas. Very wet soils are

avoided. (Beijerinck 1853). R. trivialis is more tolerant of wet, clay

conditions than most species in the.pramble aggregge, while other

species, such as R. vestitus, are more commonly found on limestone

soils., (Watson 1988).

10. DISTRIBUTION DIFFERENCES BETWEEN SPECIES In Sweden Orredson
(1978) found a correlation between the'distribution of five groups of
bramble species and winter conditions. These groups were distinguished

by the time of autumn leaf-fall and the onset of dormancy.

11. In Holland Beijer inck (1952) found that species in relict

woodlands were fifferent from those found in more modern woods. Species



normally found near roadsides or in open spaces formed a third group.

Some species, including R. vestitus, were too infrequently met with

to classify in this way.

12. The longer a site remains free from disturbances the more
bramble species it is likely to contain (Allen D. 1971). In managed
woods there are periodic changes in conditions as a result of tree
growth and forestry operations. The bramble population is thus
frequently subject to fluctuations. 8Such woods are likely to contain

only those species common in the area as a whole.

13. GRAZING SUSCEPTIBILITY Closely grazed pastures are not
normally invaded by bramble. Grazing and trampling prevents the
establishment of either daughter plants or seedlings. Because of
their armature older leaves and stems are not normally eaten by rabbits
(Tansley 1949), cattle or sheep (Amor 1971). In a bramble thicket the
older growth may protect the younger from grazing. Goats have been

used to control bramble bushes in New Zealand (Von Pein 1961),

14, Fallow deer in VWytham were seen to eat the leaves in winter
when little else was available. In the New Forest Jackson (in Chapman
1975) showed that deer ate bramble leaves all-year-round, but parti-

cularly in winter, when up to 20% of their diet was bramble.

1}

15. BRAMBLE AS A WEED 1In Britain bramble is a weed mainly in
lowland hardwood forests. Regeneration is suppressed and movement
tiissugh stands hindered. Control measures are described by Brown (1978).
In other areas of the world bramble is far more serious as a weed of

pasture. Amor (1971) and Northcroft (1927) describe the problems with
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introduced bramble species in Australia and New Zealand respectively.

GROWTH AND DEVELOPMENT OF BRAMBLE

16, Growth of an individual bramble cane is described in detail

by Heslop-Barrison (1959). The main features are considered below with
reference to growth in Wytham. Figué%!l il1lustrates the different parts
of the bramble plant, while Table 1 provides a rough calendar of events,

based on observations in Wytham during 1974.

17. FIRST-YEAR CANES Pirat-year canes develop from buds on the
root crown. Most crowns produce at least one cane each year. Initially
the cane grows vertically, put later in the summer it bends over.
Extension ends in the autumn with a series of shortened internodes, or
further growth, downwards, may result in the stem rooting at its tip.
From this a n;v plant is formed. Canes in VWytham range from about

50-400 cm long. Northcroft (1927) reported canes 600Cm long in New

Zealand.

18 LATERAL GROWTH In its second year buds on the cane grow out
to form the laterals. These grow nearly vertically and usually end in
an inflorescence. The leaves on the cane are lost, but new leaves are
borne on the laterals. If the cane tip is damaged while it is growing,
laterals may be formed in the tirﬁt-ycl:. These, however, do not

flower but themselves bear laterals, that do flower, the following year.

19 DIE BACK Canes and laterats start to die back in the autumn,
after fruiting. Death of the whole cane is usually complete by the

following summer. Most canes are thus biennial.



20 "TERTIARY" GROWTH Laterals formed in the second year
sometimes remain vegetative. These do not die-back in the autumn.
They behave as first-year canes and bear flowering laterals the following

yoar. These were rare in ¥Wytham.

21 More common was the production of fresh laterals on laterals
that had themselves flowered the previous year, or directly on three-
year old canes. 8Sush "tertiary" laterals were usually thinner and

shorter than normal. The numbers of such laterals in a bramble stand

were small compared to those borne on second-year canes.

22 STANDING DEAD After a cane has died it may remain attached

to the rootstock, and disti.ct from the litter layer, for 1 - 2 years.
Such dead canes are held up by the live stems with which they are
interlaced. These dead canes and laterals form the category subsequently

referred to as "standing dead."

23 ROOTSTOCKS The rootstocks of bramble are perennial. Amor
crowuns
(1871) found -~ - up to eight years old. The root system consists of

a central crown -~ up to 6 cm across in Wytham - major roots and the

fine rootlets. The major roots were found to spread to nearly a metre
from the largest rootstocks in Wytham, Northcroft (1927) reported spread
of up to 8a. The bulk of the roots were found by Amor (1971) to be

within the top 20 cm of soil,

INVESTIGATION OF BRAMBLE GROWTH

IN WYTHAM

SCOPE OF THE STUDY

24 SEASONAL GROWTH CHANGES Bramble was sampled by periodic
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harvests at three sites in Wytham., Kt each site bramble was the most
obvious component of the ground flora. The amount of bramble present,
however, differed greatly between the three sites. TI%{Z 2. The
timing, amount and distribution of growth at the three sites were

measured and compared.

25 MINERAL AND STARCH CONTENTS Material from the above sampling
concentrofions
programme was analysed for . ° " of maganesium, calcium, phosphorus,

nitrogen and potassium. The stems were also analysed for their starch
nceabrakions.
cq;ce \.Q ;igea in the concentrations and total amounts of these

nutrients in leaf and stem were related to growth changes.

26 MEASUREMENTS ON I.DIVIDUAL STEMS The growth of individual
canes and laterals was measured. The occurrence of tip-rooting by
canes, and flowering on laterals was noted. The effect of defoliation

on stem growth was investigated.

a7 NON-DESTRUCTIVE SAMPLING The relationsbetween destructive and
certain non-destructive forms of sampling were determined. This allowed
a wider range of bramble stands to be investigated than was possible by

periodic harvesting.

28 OVERSTOREY AND BRAMBLE GROWTH Two surveys of parts of Wytham
Wood, by Field and Dawkins (In prepn.) and Lloyd (unpublished) enabled
the growth of bramble under different tree canopies to be compared. The
response of bramble to the creation of small gaps in the canopy was

measured.,

THE FIELD AREA

29 DESCRIPTION OF THE WOOD The work was carried out largely in

10
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Wytham Woods, a few miles north-east of Oxford, between 1973 and 1976.
Grayson and Jones (1956) deal with the history of the wood and its
management prior to this century. After 1900 some areas were replanted,
partly with conifers most of which have since been removed. The wood
is predominantly ocak, ash, sycamore and beech., A substantial area of

the woods are planted, the rest is irregular and uneven-aged.

30 SOILS The surface geology is very varied. At the top of
Wytham hill are shallowgeils over Coral Rag limestone. Lower down are
sandy soils derived from Calcareous Grit, while towards the bottom of
the hill the soils are on Oxford Clay. In many places round the hill
large blocks of limestone h-ve "slipped" down the slope and are now

found well below the level of the original Coral Rag.

31 THE WYTHAM GRID During 1873 and 1874 a grid, based on the
Ordnance Survey National Grid, was laid out in the woods by Field and
Dawkins, Posts were placed at 100 m intersections. The areas in which
the work was done could thus be loca.ed by reference to the nearest grid

P.12
poat( Table 3/.

BRAMBLE SPECIES PRESENT IN STUDY AREAS

32 COLLECTION AND IDENTIFICATION OF SPECIMENS For identification
purposes a bramble specimen should contain a section from a well-grown,
vigorous, first-year cane as well as examples of flowers and young fruit
from the same plant. The plant should be growing in the sunlight
(Watson 1958)., PFull development of the characteristic stem armature

may not be shown by young or weak canes, or those growing in the shade.
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Sumazary of the Study Areas in

Area
to nearest
decametre

A L593,0907

B 4L625,0770

Q

a5k, 08l

D 4,530,0858

!

F 11522,0732

Grid ref=rence

L,600,0873

Wytham

Tree Cover
age in 1974
when knovm

Soil

Clay loam, Ash
limestone in hiyrs,
Sandy loam Oak
on Calcareaus 18yrs.

Grit.
Oak/Ash
21yrs.
Sycanore
regraowth,
Beech
21yrs.,
Clay loam, Ash
limestone in 15-20yrs.
top metre.
Clay loan Haz=1,
71liow,

Bawthorn.

'rv?v-w
Area
Surface 10cm

_60cm depth

SOTL pH
A B C
5+9 5+3 RS
7°8 652 5+1

Rubus speclies

present,collecting

no, of specimen.

vestitus
610 01_),61,—1-,
u15,310.

dasypunyllus

611 6 2 17.»

vesfitus _
600,602,603,

vestitus
605,608,609.

vestitus

vestitus

dasyn 1wwllus

vestitus

dgasvahvyllus

Table L4



33. When the areas were selectdd, in which the work was carried
out, it was not possible to be certain that the species were the same
in each. All the plants were growing in some form of shade. Also the
choice was made in winter when only vegetative characteristics were

visible.

34. In summer 1974 representative samples were collected from the
areas of the obvious varieties of bramble present. These were kindly
identified for me by A. Newton, 11 Kensington Gardens, Hale, Cheshire.
The specimens are now stored in the Fielding. Druce Herbarium, Botany
Bchool, Oxford. In each area Rubus vestitus Weihe and Nees was the

P12
main species( Table 3). R. dasyphyllus. Rogers. was also found in some

of the areas and R. raduloides. Sudre. in other.

3s. Watson (1958) classes vestitus and dasyphyllus as common in

southern Britain, raduloides as rather infrequent except in the west,

All had been previocusly recorded for Oxfordshire and Berkshire.

R. vestitus is considered more toler nt of clay and limestone soils than

some members of the bramble aggregate, which may explain the abundance

of this species in Wytham.

36. Because mixtures of bramble species were present in most of
the areas, the aggregate name is used in most of this thesis. Bramble
and blackberry are used interchangeably as the English equivalents of

Rubus fruticosus L.agg. Names of species other than bramble follow

Clapham, Tutin and Warburg (1962),

37. EFPFECT OF SPECIES MIXTURES ON COMPARISONS BETWEEN AREAS Bramble

species within the aggregate differ in their growth rate, habit and
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environmental tolerances. Moat bramble stands contain two or more
species. When comparisons are made between areas therefore, treatment
or environmental differences between the areas may be confounded with
variations in species composition. VWhen comparisons are made within
an area, there is a greater chance that all the canes measured belong

to the same species, because of the importance of vegetative spread in

thicket formation.

38, The same problem arises when comparisons are made with results
from other workers, particularly as the species present are seldom
identified. Despite this, however, it was thought that a useful general
picture of bramble growth under field conditions could be built up

from the Wytham results.
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DRY WEIGHT CHANGES IN A BRAMBLE STAND OVER A YEAR

METHODS AND MATERIALS

39 Periodic sampling of bramble dry-weight was carried out in
areas A4,B,0 during 1974, A had the largest standing crop of bramble,
C the smallest. There were no signs of recent disturbance of the
sites, 30 it was assumed that the bramble growth at each was
reasonably in equilibrium with its environment. TEQ{E.B sunmarises
site details.

40 TREE COVER All three areas were plantations. These provide
more uniform tree cover condition than found in other parts of the
woode The tree canopy in B was entirely oak, A mainly ash, but with
a few scattered oaks, C was mixed, but largely oak and sycamore
coppice~-regrowth. There were scattered hazel bushes in all three
areas, but these were insufficient to form a distinct understorey.
One "block" in B was resited because it fell within an area of very
dense hazel. The bramble in this part of the stand was markedly
different from the rest.

41 SOIL Soil samples taken by auger revealed no discontinuitles
in soil type within each area. S8oils in B and § were similar, both
sandy loams derived from Caleareous Grit. The soil in A was heavier
and probably formed from Oxford Clay. Fragments of limestone were
present in the soil in A, derived from a nearby block of Coral Rag

that had "slipped™ down the hill. As a result the soil pH was



p. 19,
greater in A than in B or Q( Table 1.) .

42 GKOUND VEGETATION The sites were choasen for the relative
uniformity of the bramble cover within them. Some parts of §
vere, nevertheless, virtually bare of bramble. In 4 and B cover
was nearly continuous, but the height and vigour of the bramble
growth varied over the areas,

43 In each area bramble was the species making the greatest
contribution to the ground-flora biomass over the year. In B and
G the other species present were mainly small herbs:s Mecurialis

perennis, Endymion nonberiptus, Circaea lutetiana. 1In 4 tall
herbs and grasses predominated among the non~-bramble speciess

Carex pendula, Deschampsia caespitosa, Urtics dioicg.

SAMPLING PROCEDURES

4é ROOT SAFZLING In a plant such as bramble, with short-lived
shoots and perennial rootastocks, a large amount of material may be
exchanged between roots and shoots. However, there was no
quantitative sampling of the root system for the following reasons:
the range of sizes shown by the crowns and the major roots; the
spread of the major roots; the problems of root identification.
The results of partial excavation of a number of rootstocks are
deacribod on pa e 7' .

45 WHOLE-CARLE SAMFLING vs AREA BASED SAMFLING Sykes and Taylor
(In press), in a study similar to this, used a circular plot as
the sampling unit. The circle was defined by a central peg and
attached chain equal to the circle radius. All canes rooted in
the circle were removed inciuding those sections of the canes that

were outside the circle itself. Information ab.ut individual canes
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was thus collected at the same time as information on biomass per
unit area. This method would have been difficult to apply to the
areas sampled in this study vecause of the length of the canes and
their mutual entanglement. The area around each plot disturbed by
this type of sampling would have been large and difficult to define.
46 In this study all bramble material within the plots vas
rewoved, whether rooted in the plot or not. Information about
particular canes was lost, but tne boundaries of the plot were
known. It was thus easier to move through the stand without dis-
turbing plots yet to be sampled. JSections of canes outside the
plots that were severed from their rootstock, by the sampling,
died. The general canopy structure, however, was not greatly
affected by the sampling.

47 A distance of two metres between neighbouring plots was
found to be the minimum necessary. With this distance the maxi-
mun stem length in one plot that was affected by the cut boundary
of another was found to be 0+24% of the total stem length in that
plote During the sampling period no evidence was seen of one
plot's sampling affecting the bramble in another.

48 SIZE AND SHa?”E OF PLOTS Errors arose in determining the
exact point at which a stem crossed the edge of a plot. Removing
one cane often caused movement of others such that their position
relative to the edge was altered. Circular plots had the lowest
edge~to-area ratios They were, however, more difficult to lay-
out than square plots and following the edge of the latter was
easier. 3quare plots were therefore used. Ldge errors were
greatest in A which had the most stems per unit area and was the

tallest of the bramble stands.
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49 One metre-square was chosen as being the nost convenient
8ize of plot for use in both the smallest and largest bramble
stands in Wytham. With smaller plots the number which failed

to contain a rootstock greatly increased, increasing the between-
plot variability.

50 TREES IN SAMPLE PLOTS Small trees occured frequently in
the sample plots, i.e. treesoccupying less than 5% of plot area.
No correction was made for these. In a few plots in A and C (less
than ten each) more than a quarter of the plot was occupied by a
trees In such cases the plot was"moved" by the minimum amount
needed to exclude the tree, to reduce between-plot variation.

This introduced an error into any calculations of total bremble
for the whole stand, as the area occupied by trees was under-
estimated. This error was about 5% or less and so small compared
to other field errors.

5 LAY-OUT OF PLOTS In each area one hundred plots were
marked out in ten blocks of tenf P%f%.z). A 3m gap between blocks
allowed any plot to be reached without disturbing the rest. Before
sampling started each plot was assigned at random to one of the ten
harvests, one plot from each block to every harvest.

52 TizING OF HARVESTS  Sampling started in January 1974

and the last harvest was in January 1975. The order of sampling
the areas varied, but there was normally only a few days between
thenl Table 5)

53 HARVEST PROCEDURE Each metre-square to be sampled was
marked out with four bamboo rods laid along the ground with four
others to mark the corners. Before any of the plots in an area

were cut, they were assessed using non-destructive methods which
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are described on pages 102 - 14L  All bramble material within
the plot, including standing dead, but excluding litter, was then re-
moved and tied in a bundle. Canes and laterals were measured as
they were cut to obtain total-stem-lengti: per plot. The number of
canes per rootetock and the position of each rootstock in sach plot
were then noted.

54 The bundles from each area were taken to the University Field
Station, Wytham, for sorting and drying. No estimate is available
of losses from the bundles during transport. Such losses were
probably s:all as the spines tended to hold leaves and stems to~
gether. The dead, brittle stems which might have been lost were
placed in the centre of each bundle,

55 SJRTIRG AKD DRYING At the Fleld Station each bundle was
sorted into its components: leaves, stems of different ages,
standing dead. These were dried at 105°C before weighing. Leaves
were weighed after overnight drylng, stems were left longer, although
Allen (1974) found that there wmay be losses in dry-weight with drying
periode greater than 24hours at this temperature. The time betwsen
a plot being harvested and entering tne oven varied with the area
and number of plots harvested in a day. It was usually less than
#ix hours. (Qantities greater than 5g dry-weight were weighed to
0+5g, smaller yuantities to 0-1g. Fleld errors were guch that there
was no justification for greater precision in the weighing.

56 MEASUREMENT OF LbAF akka  For harvests 1 to 8 a sample of
freah leaves was kept separate. The leaf area .f these samples was
then measured on a machine built by Ur. Kartin, Department of
agricultural Jcience, Oxford. An estimate of specific leaf area

and total leaf area per plot could thus be obtained. There was not
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enough time for this to be done at harvests 9 and 10, These
samples for area determination were the only material to be kept
overnight before they could be dried. Polythene bags containing
the samples were put into refridgerators.

57 LENGTH GROWTH OF CANES AND LATERALS The lengths of
individual canes and laterals were measured during the growing
season. Five representative rootstocks were selected in each
area in March 1974. On each rootstock the growth of an emerging
first-year cane was followed and also,the development of laterals
on a second-year cane, _ . T, Measurements were made

at monthly intervals during the season until growth ended.

RESULTS ¥
58 RAING OF PARTS  Stem and leaf material of several ages

was present during the sampling period. To distinguish these each
component was given a prefix to indicate the year in which it
developed. Leaves formed in 1974 were separated into those borne

on canes and those borne on laterals, though this was not done for
the leaves which survived from 1973.

59 CANE SYSTEMS PRESENT  During late spring and early summer
three distinct cane systems were present: the developing first-year
canes; second-year canes bearing developing laterals; third-year
canes, the remains of the system which had flowered the previous
summer. In addition there was the standing dead. These different

P22
types of cane are shown diagrammatically in Fig.3. The changes

2 .
in dry-weight for each are shown in ng. 41'.! s

g;ggg—;ggg CANE SYSTEM
60 74 CARES AND CANE LEAVES 74 canes emerged from the litter
layer towards the end of April. Growth probably started about a

% Fordetals of the statistical melhod used & debermine Fhe SigM ficance
of dry weght changes Lneach componeat over [he season sce RPP:npin 2.
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month before this. There was then a period of rapld increase in
dry-weight of leaf and stem which ended about mid-August. There
was no change in weight over autumn and winter. 3Some of the lowest
leaves were, however, lost during the growing season.

61 SAMPLING BRROR3  The peak at harvest 8 in area A was not
statistically significant. The more gradual increase in dry-weight
shown in area ¢ was more likely a result of greater sampling errors,
relative to the final weight of cane per unit area, than of a

different pattern .f growth to 4 or B

62 73 CANE LkAV:3 73 leaves were not separated into those
borne on laterals and those bornes on canes. The quantities of 73
cane and lateral leaves in Fig.4 are thus based on the relative
proportions of each type of leaf found at harvest 10. The old cane
leaves had disappeared by August. Some were shaded out by the new
bramble canopy formed above them. Others msy have been forced off
by growth of the iaterals, particularly where two laterals formed at
a node. It was not known how much of the loss in weight of 73 leaves
per unit area over the early suzmer was & result of withdrawal from
the leaves, and how much caused by loss of entire leaves.

63 73 CANES Sykes and Taylor (In press.) report a decrease
in dry weight of the cane during growth of the laterals, which
suggests a tranafer of material to the laterals. Only B showed such
a drop over the period of lateral growth. Any material withdrawn
from the cane leaves may also be available for lateral growth.

From the dry-weight data alone, however, there is little evidence

of the importance of transfers in lateral growth by bramble in Wytham.
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64 GROWTH OF T4 LATERALS The buds started opening towards the
end of March. Increase in dry-weight ended in June-July wvith the
formation of inflorescences. Lateral leaf weight reached a peaki:at
the same time.

65 FLOMERING AND FRUITING Flowering and fruiting were most
abundant in area Af Tg;)%z 6) . The number of inflorescences relative
to the weight of laterals per plot was similar for all thres areas,
but inflorescences in 4 were bigger. The fruiting success for
inflorescences declined from 4 to C. In this study, however, it

vas not possible to say whether the better flower and fruit
production in A was a direct result of the greater growth in A or
whether some external factor such as light increased growth and
flowering simultaneously, but independently. The two possibilities
are inevitably confounded.

66 AUTUMN DIE=BACK Ur SECOND=Y:AR CANES Die~back of the stems
started in the autumn after flowering and fruiting, In G the loss in
stem weight over the autumn was not significant although lateral-leaf
weight declined sharply. A and B, however, both showed sharp falls
in lateral, leaf and cane welghts from l8-10 and H7-10 respectively.
Jome withdraval of material prior to death probably occurred, Yout

the main loss in dry-weight appeared to be the result of death of
sections of canes or laterals.

67 VARIATION IN 73 CANES IN 4  The peaks in the weight of 73
canes per plot for area A at harvests 6 and 8 were non-significant
and mainly the result, in cach case, of ome particularly dense plot.
The large amounts of 73 canes were reflected in weights of 74 lateral
and lateral leaves borne on them. Subsequent calculations of maximum

gummer biomass etc. for 4 are based on harvest 7 to avoid the distorting



Fie 5

200
Weicur OF New G-«ow'r:ﬂ
150
too \ii'
£y
o) /"

3 4 &5 6 7 8 1 16 HARVEST NO,

——— /4 LATERALS +
LATERAL LEAVES

—— —= 74 CANES + CANE
g/sa.m B LERVES
150
100

3 4 5 6 7 8 % I UARVEST No.

3 4 §F 6 7 6 9 1©  HeRWLT No.



effect of these dense plots. The level of 73 canes at H7 was

similar to that for harvests 1=5.

68 FINAL DIE~BACK The death of the remains of the previous
year's flowering cane-gystem occured mainly during the early summer.
In A little loss of weight occured before new growth started in spring
at H3. The same applied to loss of 73 lateral leaves from B and G,
but the levels of stems were small compared to sampling errors so
that 1t was difficult to detect any decline in weight of ghe stem
components. The coincidence of the start of new growth and the re-
commencement of the decline in dry-weight of the dying components
suggests that die-back might be an active process. Material with=
drawn from the dying tissues could supply the new growth.

69 "TERTIARY® GROWTi A few canes in A survived until the
autumn and these produced fresh laterals both directly on the 72
canes and on the 73 laterals. The contribution of these laterals

to the total weight of new laterals per plot was small.

FIRST AND SeCuUN

P‘zq '25‘
70 TIMING OF GROWTH Fige 4 shows that the net increase in dry

weight during the growing season was about the same in the second-
year cane system as in the first. There was, however, a difference
in the timing of growth by first-year canes compared with that by
laterala{.Fgé?qs). The earlier start to growth by the laterals may
be partly a sampling bias. Laterals were separated as a distinct

component as soon as the buds opened. NKew canes, however, were not

sampled until they had emerged from the layer of litter and moss on
the ground.
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7 There were many lateral growing points per second-year
cane compared to only one growing point per firstéyear cane.
Initial increase in dry-weight per unit area was thus more rapid
for the laterals. Growth of the new cane continued into the late
summer whereas lateral growth was limited by the formation of
flowers. As a result much of the cane growth coeccurred .after
meximum dry-weight had been reached in the laterals.

72 LATERAL AND CANE~LEAY CANOPIELS The two types of leaf made
distinct contributions to the overall bramble canopy. The main
increase in 74 leaf dry-weight was from April to June, but the bulk
of this was lateral leaves. Cane leaves did not reach maximum
weight per plot until much later( g!ii 6) « Although the amount

of cane leaves was much less than that of lateral leaves, the cane
leaves increased in importance in the winter canopy. Whereas
there was little loss of cane leaves in the autumn, lateral leaves
showed a large decrease.

73 Sykes and Taylor (In press) found a similar separation of
cane and lateral growth in Rubus vestitus at Meathop Wood. By this
separation competition between first and second-year canes on the
same rootstock is reduced. Thergzgﬁoﬁugore effective utilisation
of available light because the cane lsaves do not reach their
maximum until just before or during the decline of the lateral

leaves.

T B 33
74 SUMMiR PEAK All three areas showed statistically significant
summer peaks in biomassa{ fige 7) The size of this summer increase

relative to the winter biomass was similar for all three areas

(Teils 7).
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RETATTVZ BICMASS INCREASE Table 7

7T SULNER

150 90  2/sq.m

175 127 59
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75 CAUSE OF SUMMER PZAK Changes in total biomass were the
resultant of changes in all the individual components, some of
which increased, others decreased over the season. The size and
timing of the summer peak was thus the combination of three
processea:-

1) the increase in dry weight of first year canes.

2) the initial increase in weight of the second year cane
system because of lateral growth followed by a decline as die-
back occursed.

3) the decline in weight of the third year cane system
through die-back., Peak biomass was earliest in C because the
start of the decline in weight of the second year cane system
occurred before that in 4 and B where there was greater overlap of

cane and lateral growth.

STahkDING DEAD
76 COMPOSITION This component was made up of canes and laterals

that had recently died, and the more resistant parts of stems that
had died some months before. Ko distinction was made between dead
stems of different types and ages. Death of a stem was marked by
it surning brown, presumably as a result of loss or breakdown

of stem chlorophyll. Kot all the losses in dry-weight from living
components over the year, represented material entering the standing
dead category. lost leaves fell straight to the iitter layer. Some
of the dzyQuuight loss from stem components was through respiration
or translocation of material to the rootstocks or to leaves.

7 TURNOVER OF STANDING DrAl There was no statiatically

significant change in the level of standing dead during the course

P.
of a.year‘ FE:f 8). Imput from the death of canes or laterals was
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Table 8

Area A

STAITDING DEAD

B C

Dry weight losses from living stem components

/3 canes 50
74 latersals Bh
72 canes 65

73 loterals 50

ML A T
TOTAL 219

g/sq.2/vr.

12 12 “
8

Llexr dry welght of standins dead

164

Stondins dead
Live—-stem 10ss

075

35+6 20+9 g/sq.n

Q<37 0«69 yrs.

2ELATTIVAE

WO SMANNTT
SIZE OF STANDINT:

Table 9

Area A
Wlinter biomass 263%
Standing d=ad 164
stonding dead o 62
Jinter biomass -

DZAD COLNPCNENT

B C
150 90 g/sq.m

35+6 232 N



thus matched by standing dead falling to the litter or being
decomposed in pitu. If it is assumed that the bulk of the net
decrease in the weight of each live stem component over the year
passed through the standing dead stage, it 1s possible to estimate
the turnover time for standing deadf %3&39 8) Because of the
various other ways in which dry-weight can be lost actual imput
would have been less than in Table 8, i.e. the turnover time is
longer than given here,

78 FASTtK TURNOVER IN ARka B On these figures the rate of
turnover of standing dead was about twice as fast in B as in areas
4 or . There was no apparent reason for this. FPossibly the
microclimate near the ground was moister than in 4 or C as a result
of a dense, low tree canopy, and a continuous bramble cover. This
might lead to the faster rates of decomposition observed in Be

79 RELATIUN OF STAKDING DEAD TO WINTER BIOMASS. TSI%‘% A had
a much higher weight of standing dead compared to winter biomass,
relative to B or Q_,. A had a higher stemsleaf ratio than B or g
80 that potential imput ' to standing dead, relative to the winter
biomass, was mucn greater. j produced relatively more stem than
leaf compared to G, but this was offset by the faster turnover for
standing dead in 8. Relative to winter biomass therefore, the

standing dead amounts were similar in B and (.

YogheTO=YisAR VARIATION
80 Harveets 1 and 10 both took place in January. A comparison

of equivalent components for the two harvests may indicate h?rzzrch
variation there was between growth in 1973 and that in 19744 Fig 9],

Growth of first year canes was lower in 1974 than in 1973, but the

37
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difference was statistically significant only in B. Survival

of second year canes and their laterals overwinter was greater &n

B and ¢ but less in A. Either conditions for die-back were less
favourable in B and ¢ in autumn 1974 compared to 1973 (more

favourable in j) or growth of these components was greater in 1974
(less in 4) than in 1973. These differences in growth and die-

back were probably caused by variatione in the weather. Differences
between equivalent components at the beginning and end of the year were

leas than the variations in component dry-weights over the year.

81 START OF GROWTH 1Im 1974, and the two subsequent years,

growth started later in spring in 4. Growth appeared to be 3-4 weeks
behind that in the other two areas and it took 8=10 weeks for the
difference to be made up. A was on the north-facing slope of the

hill while C faced west and B south-west. The less-favoured aspect

of A may have delayed ites start of growth.

82 AUTUMN DIE=BACK B showed greater autumn die-back than &
or 4« Thus although the weight of the second-year cane system was much
greater than in G during the summer, the weight of canes and laterals
surviving over winter was the same in B as in C. The reason for the
greater autumn die-back is not known, nor whether it is connected with

de
the faster turnover of stan gﬁ‘g.

LEAF CuVei
| P.40
83 SUMMER ARD WINTLK BRAMBLE CANOPIES. Fig 10 The summer

bramble canopy was about twice that in winter, but at no time was

ndex

there no leaf on the bramble stands The leaf-area=- of sbout
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2:0 for 4 and B in sumer was sufficient to give virtually complete
leaf cover because leaf angles were lowe Even in summer, however,
in ¢, the bramble canopy was not continuous.

84 This partial evergreenness may have a number of advantages
for the plant. It may allow photosynthesis to take place in sutumn,
winter and early spring when the leaves are off the trees. The
presence of old leaves in the spring may be particularly useful
because they could make use of any favourable conditions that occur
before the new bramble canopy has had a chance to develop. The
alleyear-round canopy reduces the opportunities for species growing
beneath a bramble stande Even where a species grows in the spring
before the leaves are on the trees, the light reaching it is reduced
by the presence of bramble leaves.

85 SI:ILARITY OF A AND B CANOPIES TQ? differences in leaf
dry-weight per unit area and in 1eaf-area",o..(.‘§,xq for B and A were
small compared to the differences in total dry-weight per unit area.
The increased growth in 4 must have been brought about by greater
photosynthetic activity per unit of leaf.

86  SPECIFIC LEAF AREA  Specific leaf area, Pﬁ‘.’?g? 11, was rather
variable because of the relatively small samples used in the
measurement of leaf area. 4 showed the lowest S.L.A. i.e. the
heaviest leaf weight per unit area which fits with the greater
carbohydrate production suggested in the previous peragraph.
Expansion of 74 leaves, H4=6, caused the rise in S.L.i. during this

period.

P.43
87 FIRST=-YEAR CANES. Fig.12¢ The pattern of growth in length

of individual canes was the same for all three areas and similar to

L2
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the increases in dry-weight. T:ls suggests that the main ssurce of
increased dry-weight was growth in cane length. The duration of the
growing season was similar for both length and weight increase

(Tag;;qu) . 3mall differences in the time of beginning and end of
growth were caused by the times at which measurements were taken,

88 LATERALS fhere vas similar agreement between the pattern

of length and dry-weight increase for laterals. Extension of laterals
ended, about a month before that of the canes, with the formation of
inflorescences. Although the sample size for both cane and lateral
measurements were small, five 7, canes and five 73 canes in each area,
they saow that there were diiferences in plant size between the areas,
as well as differences on a unit area basis.

- 89 rO0TAL SEEHPLENGTh/iq.m Total stem=lenpgth per metre-square
rose to a peak in the summer for all three areas, because »f the jrowth
of new canes and laterals{ Fipé?qh). Varlation in A was greater than
in B or G, because the greater amounts of stem present in A made
measurements more difticults Curves for total stem length for 3 and
C bear the same relation to each other as the curves for total stem
dry-weight. There is, however, a much greater ditference in stem-
weight between 4 and B than in stem lengih. This was because while

stem diameters in 3 and § were siudlar, those in 4 were much greater.

90 Bl 5. 0Chs/ 8G. @e There was no statistically significant
variation between harvests in the number of rootstocks per plot,
P.&
(Table611). The differences between areas were significant although

small compared to the difierences in dry-weight per plot between

& B and C.



TABLE 10 DURATION OF GROTTH
Area A B C
Canes
i ol -
Teight 4 122 117
increase
Length 444 126 121
increase
Laterals
A=Y 3 4 3 4=
ceLane 90 82 82
increase
Length =
. ] 90
increase 75 ot 7
Ta3Ls 11 PLATY DENSITY
Ares A B C
rootstock nos 31 -8 27
+0-2 +0°2 +0°2
Canzs g+0 101 72
+0°5 £0°5 05
Canes/rootstock 2+9 27 27

L6

T=bl>» 10
2ys
Table 11
nSr 84 .04
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91 CANES/eqems The differences in cane numbers per plot

between 4 and B were not significant, but both were significantly
higher than the cane density in G. MNumbers of canes per rootstock
wore, however, aimilar for all three areas.

92 AGh DISTRIBUTION OF CaNkS  Most rootstocks produce a new

cane every year. Therefore a distribution of one firat-year, one
sscond-year, one dead or dying third-year cane per plant was expected.
Tnis could not be snown for the harvest plotz becsuse the cunes were
not classified by age.

93 For five metre-square plots in each area the canes present on
each rootstock in March 1974 were separated into age classes( “able 12).
Deapite the similarity in total cane numbers per unit area for 3 anu 4,
the age structure of canes on a rootstock was very different. First-
year-canes were a much higher proportion of total numbers in 3.

94 TURNOVER OF CaNkS  EBach year a set of canes equivalent to the
number of first-year canes become standing dead. These can be com=
pared witn the number of canes currently in the standing dead to obtain
an estimate of the turnover time for this category, as was done with
dry-weights, page 37. 'l'g'b‘.'l‘:«a8 13 shows the two methods give similar
results although the dry-weight values are lower. As was pointed out,

however, the dry-weight figures give only a minimum turnover time.

P.ag
95 LEAF: STEM Table 14 4 had a lower leafsstem ratio than B

or G because of the greater diameter of stems in A, For the same
reason, canes in all three areas had lower leafsstem ratios than
laterals.s Thus in the second year a greater proportion of the dry-

welght increases went into leaf formation.



Area
1st yr. canes

2nd

Dezd canes

™ 45
...J.LBI‘ l
Ares
™ —— - oﬂ -
Prom Table 8
Nonos Tanls 42
=T A I.
hrea
Tones
- -l-
T.aterals

-~

AGE DISTRIBUTION

OF CANZES

A B C
1-0 134 107 o»per rootstock
1+0 Q=17 Ol = -
1+ 0-62 0+385 - - 7
Based on reootstccks found in 5 metre-square »lots per
area in lMarch 1974.
TURNOVER TIVE FOR Table 13
STANDING DIAD
A B C
Q+75 0+37 0+65 yrs. Bassd on dry
weicht changes.
110 0-L5 o-7¢ .o, dead cones
no., 1st yr. canes
Table 14
LEAR=-3TEN RATIOS
A B c
075 0+95 104
0+94 161 1+95
ste

Based on dry weizhts of leaf and

T~y

igh} grown.

when canes/laterals
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96 MEAN BIOMASS OVeR THE YEAR By combining the results from
all the harvests the mean biomass over the year was calculated.

The contribution of different components to this value was a
function of the length of time they were present as well as the
maximum dry-weight reached. F£Z:*?A shows three ways of grouping
the 4 contributions of the difrerent components to this value.

97 (1) Into leaves, canes and laterals. The stem components
in 4 made a greater contribution than in 3 or C because of its lower
leafistem ratio. The leafistem rutio in B was lower than in C, but
this was offset by the faster die-back of older canes in B in the
autumn. This reduced the # contribution of stems. Laterals were
present only in the second and third-year cane systems so that their
contribution was less than that for canes or leaves.

98 (2) Aaccording to the year in which a component was formed, all
74 components together, all 73 components, all 72 components. The
contributions of material formed in the current year and in the
preceding year were nearly equal. Older material contributed less
than 10% of the mean biomass over the year as a whole.

99 (3) According to the cane system‘xskéELBI to which the
components belong. The second=year cane gystem clearly made the
greatest contribution to the yearly biomass. That of the developing

first-year canes was about the same as the contribution of the canes

that were dying back.

100 LEAF AND STEM WEIGHTS PER ALOT  During growth the weight

of leaves per plot was closely related to ithe weight of the stem

PQS'- 53
fractions on which they were borne{ Figs 15, 16). The main weight
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increase in stems was by increase in stem length, which was
accompanied by further leaf development. at the same time there
was little loss of leaves from the lower regions of the stems.
1M The relation between leaf and stem weight during increase
in lateral welght was not very different from that for decrease
in lateral weight( "Fﬁfs?s ). The loss of leaf weight was mainly
caused by die-back of whole sections of laterals and their
assoclated leaves, ruther than death of leaves independently

of lateral death,
74 lateral wi. per plot

102 LATERAL AND Cnali WEIGHTS PER PLOT The ratio
73 cane wt. per plot

increased rapidly during growth of the laterals because cane weights
showed little change( rngqu). After lateral growth ended the ratio
remained fairly constant through moét of the period of die-back of stems.
48 with the leaf situation above, the loss in weight of live laterals
per plot was accompanied by live-cene loss in weight, because whole
sections of canes with their associated laterals died back at once.
103 74 LATERALS, 73 CANES, 74 CANES. WEIGHTS FENK BLOCK  Mean
weights per block over the year were found for these three components
by combining the results from all harvests.

74 laterals were borne on 73 canes. an increase in weight
per block of the latter resulted in higher lateral weights| ?igf" 18).

74 canes were derived from the same rootstocks as 73 canes
and subject to the same local environment, spart from year-to-year
variations in conditions. i strong correlation between the two
year's growth resulted( F?g?s;‘?)-’

74 cane weight and 74 lateral weight were also positively

P.55
correlatcd/ Fig. 20,)-At. the block level therefore, there waz no

evidence that high growth of laterals inhibited yrowth of new canes

in the same area.
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TABLE 15 SULIARY OF DIFFERENCES Table 15
LT TSEN ALB,C.

Area A B c
Summer biomass 438 277 149 g/sq.m
Tinter - 263 150 90 -
Rootstock no.s 31 3«8 27 per sq.n
Sten no.s 90 10+1 7°2 -
Summer leaf wt, 146 128 67 g/sq.m
Tinter ” 71 65 36 -
Sunmer leaf ares 2°23 214 0+92 leaf. area-endsx
inter 7 -~ Q=97 0°94 O~Liv

Duration of growth
Canes 106 123 119 days

Laterals 82 38 86
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DI SCUSSION

104 NUMBERS AND SIZE OF PLANTS There was increasing biomass per
unit area from area ¢ to A( T&bsl: 15). Dry weights of most
components increased similarly. Such differences were brought
about both by differences in the number of plants and in the size
of plants between the three sreas,
105 LEAF COVER The increase in growth in B compared to C was
brought about by a doubling of the quantity of leaves per plot with
little change in the overall leaf:stem ratio, Between B and 4,
however, the increase in growth must have been largely a result of
greater photosynthetic activity per unit of leaf. Growth rate
rather than duration of growth changed between the three areas.
106 Other differences between the three arcas occurred, such es in
flowering and fruiting, the level of standing dead, the amount of
autumn die-back. These may have been caused by the differences in
overall level of growth between the three areas. More likely they
@ere a result of environmental factors acting directly on the proe

¢cesses concerned.

NV IHON

107 TREE COMPETITION The canopy in 4, ash, was the most open
and allowed the greatest penetration of light and rainfall. That
of C which included a large amount of gycamore was the most dense.
This difference in tree canopy density was probably a major cause
of the variation in bramble growth between the areas. Differences
in below-ground competition between the trees and bramble may also

hawe been reaponsible.



108 There was evidence that tree and shrub competition was
controlling within-area variations in growth. Block 10, area A,
had the lowest rootstock density and mean biomass over the year.
Shrub cover within this block was higher than over the rest of the
area. In B the bramble cover under a region of almost continuous
hazel understorey was much less than elsewhere. In § patchiness of
growth was to a large extent correlated with differences in the
distribution of the tree species which made up the overstorey.

109 OTHER FACTORS The soil in A was heavier and may have had

a greater moisture and nutrient availability, leading to greater
growth, than in B or G, From augur samples, the soils in B and G
appeared similar, such that differences in growth between these areas
were probably not a result of soil factors. Aaspect differences
appear 10 have caused the later start to growth in 4.  Other
variables such as slope mayalso. hate contributed to the overall

differences in growth pattern between the areas.

COMPARISON OF ShAMBLE GROWIH IN WYTHAM WITH

GROWTH AT OTHER SITES

ANNUAL TURNOVER OF BRAMBLE [RY—WEiGHT

110 Above ground biomass in bramble is determined by a number of
different processesl'Fiézégl). Some estimate of net photosynthetic
production i.e. (pholosynthesis - respiration losses) is desirable
for comparison with other bramble sites end non-bramble species.
Because of the other processes in Fige. 2{, however, this eamnot

be calculated from dry-weight data alone. Various ways have been

used to obtain a figure for bramble which represents the measurable,

annual turnover of dry-weight. These normally involve use of

N
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TABLE 17 COMPARISICN_ OF BRANBLE GROYTH
AT DIFTRENT SITHES
Column -» 1 2 3
Hughes (1971) 34°+9 222 174
Syxes &
Taylor - 65+7 2l -5 32+8
(In prepn)
ledgwick 825 1] 2
(1965)
Festenont 136 68
(1971 )
fiytham C 149 59 7h+5
B 277 127 132+5
A L, 38 175 219
Amor {(1971)
2, ulmifolius 850 L25
2., Drocerus 1850 925

Column
.n

WM EWND -

Maximem swoner biomass,
Difference betwsen maximum and March biomass.
Half the summer-blomass.
Maximum value of (new caz
M&X“mU?.WQIWHt(JeW canas+cane leaves)
(new ¢aberals+lateral‘ledves)

62

Teble 17
5
g/sq.m,
52
107
226
295

nes+new laterals+new leaves).



maximum summer biomass and differ from net pholosynthetic production
in that no allowance 1s made for losses by consumption or to the
litter layer prior to peak biomass being reached, Transfers to

and frow the rootstock ure also ignored. Different forms of estimate
are considered below for the Wytham areas and the sites in Tagig‘16.
m MAXIMUM SUM4iR BIOMASS 4s was shown on page 3%

the timing and size of peak biomass for bramble depemds on three
distinct processes of growth and die=-back. Peak biomass does not
therefore bear any simple relation to amnual turnover of dry-weight
(Tablpe.ﬂ%) '

112 (MAXIMUM = MAHCH) BIOMaSS This underestimates the annual
turnover of dry-weight because some material present in March e.g.
most of the third-year cane system dies off before the maximum
biomass is reached. Much of the dry-weight in these dying components
falls to the litter or enters the standing dead category and is not
therefore available to be transferred to new growth.

113 PEAK BIOMASS = 2 Over the year as a whole about half

the biomass does come from the current year's growth(Fin’-ﬁl.) % A

the time of peak biomass, however, the component's present do not
constitute the equivalent .f two complete cane systems.

114 SEPARATION OF CURHENT YEAR'S COMPONENTS This seemed to me
to be the best way of defining amnual turnover of dry-weight for
bramble. Two ways in which it can be done are shown in TEZ%EL17
cols. 4 and 5 These differ where the peaks in cry-weight of first and
second=year cane systems do not overlap. The nain blas in this
method, apart from root transfers which are present in the other
methods as well, is that material stored in first year canes and
subsequently transferred to the laterals appears twice« In this

study a decline in dry-weight of canes during lateral growth,indicat-

A5
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mBT'“ 1 8 \v;: ﬁ“"‘"D T“AE nCVﬁR
Leaf earea Leaf wt,
b g/Sq.m
index
Vytham areas
C 0+9 67
B 21 128
n 22 1L E
Amor (1971)
R, ulmifolius 2°7 250
R. procerus 30 370
TABIE 19 COMPARISICH OF DRY VEIGHT DISTRIBUTI .7
BETTL O ™OYISY VCOD & VIYTHAL
Foxley Wood Agthen ©
(Eutchings pers.comm., ) Hervest 3 Hervest
May 20 1¢71 April 1 itay 7
1st yr. canes 11 - 37
(emerging)
2nd yr,., canes -
* 02 350 51+5
+lateral 5
+laterals
Leaves 15<0 28+9 L7-0
Total biomass Thel 966 122 1
Dead 61-9 20°*9 21+0

65

Table 18

Tabl= 19
S7h
/Sq .
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ing such a transefer, occurred only in area B.

115 HUGHES' METHOD Hughes (1971) estimated annual turnover of
dry-weight from imputs to the litter layer. The figure obtained was
898 g/eqem/yr., which is several times the maximum biomass and
implies a much faster dry-weight turnover than found in Wytham, This
gite appears t. be exceptional.

116 CUNCLUSION T:gfc; 17 suggest that, in woodland with a dense
tree canopy or shrub layer, the typical bramble biomass ig 50=150g/sqem.,
with an annual turnover of dry-weight 50-100g/sq.m/yr. In more open
sites such as Wytham 4 and B, growth may be 3-4 times this. amor's
figures show that potential bramble growth is much greater than that

measured here. Even in Britain, bramble growth on open sites can

probably be at least twice that found in j.

COMPONENT S

117 LEAFs STEM RATIO Leafistem ratio decreased as the mean biomass
of the bramble stand increased( Fipé.éuéﬂ This is found for many plants.
Once the canopy 1s continuous there is an optimum level of leaf cover,
beyond which the lower leaves tend to be shaded outs For bramble,

this appears to be a leaf- area:mdg, of about 2=3 as this was found
over a wide range of biomass valyes. Leaf weights showed a greater
range‘ Tagiéf18). The nearly horizontal leaves of bramble result in

a low optimum leaf-area=-ratio compared to grasses where the leaves

are more vertical,

118 FOXLEY WOOD RLSULTS Hutchings sampled his bramble stand

in May and so the results are not comparable with the other sites,
sampled in mid-summer. Ta '13519 compares the Foxley wood data with
Wytham G for harvests 3 and 4.  The distribution of dry-weight

between components at Foxley is closer to that for G H3, rather

66
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Table 20

COIMPRISUTION 0 TG0, DR TEIGET Pul 00
EJQW“SZuDJW}Dmu>
Total dry wveizht ¢. as staanding
cad
Anor (1971)
2.,procarus L6Q g/sg.m W65
R.,ulnifolius 1780 " 522
Wytham Areas
A 593 26+1
B 303 7 8+5
C 158 - £+0
Hutchings (gomm.)
Toxley Jood 136 - h5+3
TAOTE 24 BIOUASS AUND MTTUAL TURNGTTL 0T DRY TRISHT Tazble 21

TOR BRAMTIE COMEARED

vy "1

' WITH

Tohal grouac Tlora ilodc
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than H4e Growth in Wytham € in 1974 was thus about 6 weeks advanced
on Poxley 1971. As u difference of four weeks in the start of growth
occurred between two Wytham areas, A and C, in the same year, this is
not unreasoneble.

119 Leal welght was less in Foxley than in Wytham. Most of the
leaves present at this time were those that hacd overwintered. At
Foxley the main bramble species was probably Rubus dasyphyllus
(lutchings pers, comm,) In Wytham this species showed greater

loss of leaves in the autumn than the main species in ¢, R. vestitus.
120 STANDING DiZaD AS® TOTAL DRY WEIGIT From Tan'l‘e’ZO it is
clear that the relative amount of standing dead, found in a stand,
does not depend on the total weight of bramble present. lutehings
described his stand at “"Foxley" as dense, and the stem densityiwas much
higher than for Wytham area G, 15 stems/sq.m and 7+2 stems/sq.m
respectively. Posslibly the greater support and interlacing of steus
caused by tnis high density resulted in dead cunes remaining separate

from the litter for longer.

121 HeRB ANG SHRUB LAYERS IN WOOULakL Most woodland herbs
have annual shoots so that above ground biomass iy winter is low.
The maxirum summer biomass largely represents the snnual growth.
There is no trend to the variations in above ground biomass between
years. With shrubs above-ground biomass tends to increase as
individuals age. The amual turnover of dry-weight thus becomes

a sualler percentage of total above-ground biomaas.

122 Bramble occupies a position between the herb and shrub layers
both in sigze and in growth pattern. There is considerable winter

biomass and the standing dead adds to its bulke The annual dry

68



weight increase is thus less than the maximum bi omasss Unlike
shrubs, the level of the winter biomass remains fairly constant.
There is little tendency for long term accumulation of material
above=ground as occurs in the stems and branches of shrubs.

123 The contribution of other species in the grounc layer in
4)B and C to undergrowth biomass was not measured.- The bramble
values alone, however, are comparable to the measurements of
Ovington (1955) on the undergrowth found beneath different hard-
wood species in plantationl‘ TZ;;Z 21) « Amnual turnover of dry-
weight by bramble is similar to that reported elsewhere for herb

and shrub layers in woodland.

124 JPEN GHOWN COMMUNITIES The amual turnover of dry-

weight for bramble measured here is low compared to that” for
various open-grown herb communities, although similar to that for
heather, a plant of similar stature. If, as observations suggest,
growth of bramble in the open can be at least twice that shown in
area 4, then bramble is brougéég%ga range for grassland in Taﬁle 21,
125 CONCLUSION These results show the important contribution
a bramble layer can make to biomass and dry-weight turnover of the
ground vegetation in woodland. This is illustrated by the relation
between frequency of bramble and undergrowth dry-weight snown in
Fié?’gg from the results of Ovington (1955). Because the bramble
shoot system is relatively short lived cycling of carbon and nixegal
nutrients is relatively rapid. Bramble has a photosynthetic capacity
all the year round because of the winter cenopy, but the maein growth
occurs while the leaves are on the trees. In this it differs from

species, such as on non-scriptus, wiich make their growth

during the spring.
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THE ROOT SYST. M

126 No full scale sampling of the root system of bramble was
carried out in Wytham but a few rootstocks were partially excavated
to check for gross differences between the areas. The plants chosen
were typical of the arees concerned. a8 well as Aress A, B and c,
roots were looked at in Area D where growth per piant and per unit
area were lower even than in (.

127 ROOT CROWNS Crown size decreased from high to low-growth
areas, & - pd Tal?lzaéﬂ In D the crown was little more thansa
slightly swollen region below the base of the stems. In 4 it was

a relatively massive, twisted, knotty object. 4imor (1971) reports
crown size similar to those imn Wytham, 12-40 mm diameter, but
Hortheroft (1927) found crowns up to 150 mm diaxzeter.

128 MAJCR ROOTS  About 4=6 major roots per crown were found in
all four areas. Their diameters varied in a similar way to the crown
slses. Spread of roots appeared to be greater in B than in 4, but
this may be a sampling blas as the sandier soil in B made following
the roots much easier than in A. Although amor (1971) found the
bulk of the roots :n the top 20cm of soil, in 4 and 3 roots were
abundant down to 40-50cm depth.

129 CUNTKIBUTION TO BIOMA3S Amor estimated the contribution of

the roots to total blomass as about 403, Sykes and Taylor (In press)

about 50%. From the weights of root extracted from A and B the figures

are 24% and 15% respectively of the total summer biomass. As a large
and unknown fraction of the root asystem was not recovered, the tmue

figures were probably nearer the other estimates.

71
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TABLT ., 22 ROOT SIZES Teble 22

Area A B C D
Crown diameters 30-50 20~1.0 10-30 7-20 T
Diameters of 740 o0 e 5. -
zajor roots 410 +0°3 +0°0, +0~1
Srovm weicht 3603 507 , 07 o

+13°0 +1°8 +0+2

Jotul root hZeq. Zeor . ; )
St extrocted L3.9: 3= 2«2 g /rootstock
Snhrzad fron - ‘
rootstock o0 30 Lo 30 c

Based on partial excavation of six rootstocks per area,
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130 Differences in above-ground growth appeared to be

matched by below ground differences. The large size of some of the
crowns suggests that they msy act as storage organs to supply the
early growth of first-year canes. Di:ferences in the mean age

of rootstock may contribute to the differences in root size between
arease Two of the rootstocks examined in D had been formed recently
from tip-rooted stems. Turnover of plants may be higher in this

area because 1t i1s a marginal site for bramble growth,
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REPRODUCTION IN BRAMBLE

FLORAL REPRODUCTION

INTRODUCTION

131. There has been little work done on flower and fruit production
in "wild" bramble populations, although extensive work has heen done with
raspberries and some blackberry cultivars. Observations were made of

flower and fruit abundance in the different areas studied in Wytham.

132, The main period of flowering was from the end of June to the
beginning of August. Flowers were found at other times of the year
although these did not fruit. The bulk of the flowers were borne on

second-year canes but with some on third-year canes also.

FLOWER INITIATION AND DEVELOPMENT

133. PRIMORDIA INITIATION The flower primordia are laid down in the
buds in early spring in wild brambles (Robertson 1957) although in
respberries and blackberry cultivars the primordia are formed in the
previous autumn. In raspberry, initiation and subsequent floral develop-
ment are encouraged by shortening days accompanied by low temperatures
(Williams 1960). Bramble may have a similar requirement because any

laterals formed in the first year remain vegetative,

134. BUD DEVELOPMENT Up to three buds are present at any node, of

vhich only the primary normally forms a lateral. (Robertson 1957). The
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other buds are less well-developed, but are capable of growing out it

the primary bud is damaged or forms a lateral in the first year.

135. Gradients of bud development occur along the cane. In

raspberry, bud differentiation begins at the cane tip and proceeds to the
base. In blackberry those in the middle of the cane develop first and
produce the largest inflorescences (Robertson 1957). It is from the

basal zone that laterals formed in the second year, which remain vegetative,

develop. (Heslop-Harrison 1959).

INFLORESCENCE NO's PER UNIT AREA IN WYTHAM

P.76
136. DEATH BETWEEN FLOWERING AND FRUITING Table 23. Inflorescences

that fail to bear any fruit die and there may be further deaths at the
young fruit stage. As a result the mean number of live inflorescences
per unit area declined in B and C from July to September. In A nearly
all inflorescences bore some fruit, though not every flower on an
inflorescence. The decline in live inflorescence numbers did not occur,

therefore, until September when the fruit was ripe.

137. 1974/1975 COMPARISON Inflorescence numbers were lower in
1975 than in 1974 for B and C. Flower and fruit production may have been
less in 19785, or, since there was only one observation time in 1975,

flowering may have been more advanced and more inflorescence daath have

occurred.

138, Flowering was clearly greatest in areas of most vigorous
growth. In the regrowth of bramble, which had been cut back in part of B,

flowering was less than in the uncleared bramble. No live inflorescences



Based on 5 can=s

per area.

TABLE 23 LIVE IDNRLORESCENCES
PER UNIT AREA
1974 28th July 1hth Aus. U4th Sept,
Area
A 21 20°9 18°6
+1+1 +1°5 - 122
B 162 11+5 2+6
+2%3 +1+3 +0=7
C 8+6 5+0 Q-2
1975 10th Aug.
A 22+8
+1+6
B 52
z13
C 12
£0°5
Figures for Aug. 1ith,3cnt. 19th, 1974 are
auaber: for 10 plots per arez, Fisurss for
based orn 5 plots per arsa.
TABIT 3l PLOWSRING O TNDIVIDUAT.
CAINAS
J‘\I'eé A B
Year 1974 1975 1974 1975
Laterals 16°0 18+2 9+8 108
per cane +2°+7 +1+6 +0~7 +1-0
Kodes not
bearing a 32-8 170 32+Q 323
lateral .
Laterals )
which bore 79 77 35 €8
flowers.
iatzrals
which bore 68 61 9e5 L+5
fruit '
ILaterals
- flovaring
2
but not 1h. 18 72 o1
fruiting '
13 84

76

Table 23

19th.Sept.

13+9 Der Sq.oh.
+1-8
3.0 -
+1+0
O-+1 *
nean inflorsscsanee.
other dstes are
Table 24,
C D
19704 1975
774 5+1
+1+2 ip°6
31+b 20-L <%
33 o %
3 o %
90 - %
98 ¢ from no.s

of inflorascence

per unit area,

Q

N



were found in 3 regrowth plots on August 10, 1975, compared to a mean

of 5.2 for control plots.

FLOWERING AND FRUITING ON INDIVIDUAL CANES

139, PERCENTAGE OF BUDS DEVELOPING Robertson (1957) found that
34 -~ 48% of nodes on raspberry canes failed to produce laterals. For
bramble in the different areas about 30% of nodes failed, mainly in the
tip and basal zones of the cane( TJ:13654). Towards the tip the buds
appeared to be alive, but were small and undeveloped. Many of the buds
in the basal region died. The moister microclimate may have led to

greater attack my micro-organisms in this region compared to the rest of

the cane.

0.7

140, PERCENTAGE OF LATERALS BEARING FLOWERS AND FRUIT Table 24 gives
the percentage of laterals which bore flowers and fruit in the different
areas. As with the unit area values, flowering success declined from
A - C. The percentage of laterals that flowered in B in 1975 was nearly
twice that in 1974. This was thought to be associated with the more
vigorous lateral growth shown by the 1975 smmple-mean lateral length 35 cm,
compared to 28 cm in 1974, This suggests that the lower inflorescence

) e.76
number per unit area measured in B, 1975!'Table 23) was a result of more

advanced flowering, rather than less flowering.

141. ESTIMATED INFLORESCENCE NO's /sq. M The data from the
individual cane measurements and cane density were used to calculate
R 78

expected numbers of inflorscences per metre - square" Figure 24}. The

estimates for area A are all much higher than the observed, possibly
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because the denseness of growth meant that some inflorescences were

not counted.

CAUSES OF FLOWERING DIFFERENCES BETWEEN ARESS

142, DEGREES OF SHADE Increased flowering under higher light
intensity is found for many species. A had the least dense shade and
the most flowering by bramble, D the densest shade and the least flowering.

A, however, also had most vigorous bramble graewth, D the least.

P.80
143, CORRELATION BETWEEN FLOWERING AND LATERAL VIGOUR Pigure 25

shows the relation between flowering and lateral length. The longer the
lateral, the greater the chance that it would bear an inflorescence. The
same relation is shown in a different way in Fig:££‘26. This relation-
ship could be partly caused by flowering and lateral growth both
responding to the same envirommental factor: high light perhaps
increasing growth, but also flowering. However within an area reduction
of the vigour of canes eg. by defoliation or in the regrowth, also caused

a reduction in flowering. Thus a direct link betwe=n flowering and vigour

existed.

144. Lateral vigour was linked to cane growth, the longest laterals
being found on the strongest growing canes, and flowering was similarly
greatest on the most vigorous canes. A similar correlation was found
for raspberries, between berry yileld per lateral and cane diameter.

(Crandall et a. 1974a).

148. Lateral vigour was also related to its position on the cane.
There was a tendency for lateral lengths to decline along the cane

p
(rigu;dagﬁ). Laterals formed on side branches were smaller than those on the
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nain stem at nodes adjacent to the one at which the side branch originated.

DISCUSSION

146. The correlation between lateral length growth and flowering
probably results from both depending in part on cane reserves. Large
diameter canes in raspberries were found to have greater amounts of

sbored carbohydrate per bud than smaller canes. (Crandall et al. 1974 b.).
The amounts of séored carbohydrate per bud might be expected to decline
along the cane as its diameter decreases. Side branches which have
smaller-diameters than the main stem would similarly have smaller reserves.
In blackcurrants floral development and fruit formation are narked&at!ected
by the vigour of adjacent internodes and leaves (Rudloff 1960). This
association between vigour and flowering success contrasted with the
results for vegetative reprodéction, which was most prominent in areas

of weak bramble growth.

TIP-ROOTING BY CANES

INTRODUCTION

147. Tip-rooting of canes was the main means of vegetative spread
in Wytham. Growth of suckers from exposed roots was not common. Tip-
rooting by bramble stems was recorded in classical times by Theophrastus.

Heslop-Harrison (1959) described the process in detail for Rubus ulmifoluis

and the main points in the process are given below.

148. DESCRIPTION OF TIP-ROOTING In autumn there is a change in the

nature of the stem apex, such that it starts to grow downward until it



contacts the ground. The stem becomes thinner than normal growth and

is juvenile in structure. The leaves along it are progressively less
well-developed. At some time after it reaches the ground the stem apex
svells and internode expansion is reduced. Roots grow out from this
swollen "boss."” The apex turns upward and forms a resting bud which the
following spring develops into a new cane. Die-back of the parent cane
in the following autumn separates the daughter plant from the parent

rootstock.

149, STEMS SHOWING TIP-ROOTING In Wytham tip-rooting was largely
confined to first-year canes and laterals produced in the first year,
often as a result of damage to the cane apex. Heslop-Harrison (1959)
found tip-rooting by vegetative laterals formed on second-year canes.

Such laterals, however, were not common in Wytham.

150, LIGHT REGIME AND ROOT BOSS FORMATION During the period in which
tip-rooting occurs in the field, day-length is shortening. Root-boss
formation is stimulated by placing the cane apex under reduced light
conditions (Barnola 1971), The same effect was achisved more rapidly

by covering the tip in a light-proof bag for two weeks (Heslop-Harrison 1959).

151, VIGOUR OF GROWTH AND TIP-ROOTING Barnola also concluded that
treatments which restricted the growth of a cane tended to lead to tip-
rooting by that cane. Canes that were growing strongly were less likely
to root than weak canes. He also found that cane apices pointing downwards

were more likely to respond to treatments designed to increase tip-rooting

than upward-pointing ones.
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STEM -APEX COVERING AND ROOT-BOSS FORMATION IN WYTHAM

152, METHODS On July 21, 1975, fifteen capnes in area A had the last
two expanded internodes covered by black, light-proof fabric bags. A
similar number had their tips covered by clear, polythene bags, with a
third group marked as controls. This was repeated in areas B and D,

Five bags of each sort were removed after 2, 3 and 6 weeks respectively
in each area. Further sets of canes were "bagged" on August 12th and
September 9th and the bags left on for 3 weeks. The results are shown

in Tablg"% "and Pig 7

153. APPEARANCE AND GROWTH OF CANES Growth of "bagged" canes was
significantly less than that of the controls although there was no
difference between fabric and polythene bags in this respect. In areas
A and B covering the tip for more than 14 days greatly reduced growth,
but in D the duration of "bagging" made little difference to the
reduction in growth caused. While the fabric bags were on, new growth

was white, but it rapidly became green once the bags were removed.

154. ROOT BOSS FORMATION IN A AND B Some of the canes inside the
polythene bags showed swelling of the stem apex, but neither these nor
the controls produced root bosses. Root bosses were formed inside the
fabric bags but only 1if these were left on for 21 days, compared to 14

days in Heslop-Harrison's experiments.

158. ROOT BOSS FORMATION IN D Almost all the canes in D tip-rooted.
Those inside the fabric bags produced root bosses while the tip was still
covered, earlier than for the other treatments. Controls and those inside

polythene bags only rooted after contact with the ground.

156. STABILITY OF INDUCED ROOT BOSSES Cane growth continued beyond

the root boss with nine of those formed inside fabric bags in D and two
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S ROOT_BO33 FORMATION T:ole 26

V)

TABLE

a) Total numbers of root bosses formed.

Aresa A B D
Tip—covering
Controls o) 0 11 15 canes/area
Polythene bags 0O 0 13 35 canes in A & B 3Ea2¢n
Fabric bags -9 b 14 3 207 - D

b) Duration of bagging and root boss Fformation.

Area A B D
i w o Wahri Tvre
Duration of Pabric fabric Fabric Eg;gé
bagcing.

Bagged July 21st
1hdays 0 0 L L 5 canes

o4 0 0 o I per treatment
!_4_ 2 .o 5 1 5 L!‘ [ 1]
Bagzed Aug. 12th
21days 2 1 3 1 10 canes eceh
A 2 B.
5/treatuent
1 Loy
Bagged Sept. 9th n o
21days 2 2 - - 10ceanes each
A & B,
No canes were bagged in D on Sept. 2th as by
this time boss formation on the controls was
well advanced.
TABLE 27 TIP-ROOTING BY DEFOLIATZD CANZES Table 27

Areas A & B, There was no tin-rooting by either control or
cdefoliated canes,

Area D Defoliated Control
Canes ti»-rooting 1 . 6 Probability =0-C195
(Fisher exact tasit)
ot . - 7 2
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from A. The section of stem beyond the boss was of the Juvenile, rooting
type and in some cases a second boss was formed after the apex had
reached the ground. In these canes the induction of the change in the

stem apex was not complete.

157. ROOT GROWTH No roots grew out while the bosses were still 4in
the bag. Where a boss did subsequently contact the ground, the tubercules
on the lower side only developed into roots. Heslop-Harrison suggests
that the low humidity in the bags may be responsible for the roots not

developing.

158. DISCUSSION These results confirm those of Barnola and Heslop-
Harrison that absence of 1light is an important factor in root boss
formation. My results are less clear-cut than in the other experiments,
where all the treated canes formed bosses. Greater variation was
introduced in the Wytham experiments by the use of non-clonal material,

under field rather than laboratory condttions.

159, Area D, which had the least vigorous canes, showed the greatest
response in terms of root boss formation. A which had the most vigorous
growth was expected to show less of a response than B. The reverse,
however, occurred. Cane growth was beginning to decline at the beginning
of the experiment particularly in B. If only actively growing cane
apices can show the response then the lesser response of canes in B than

A may have been because some of the canes in the former had virtually

ceased growth.

160. During normal tip-rooting the cane may grow some way along the
ground before roots are actually ppoduced. Often some covering of the

stem apex occurs naturally, as it grows into a soil crack or under litter,
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and this may induce root production.

DEFOLIATION OF CANES AND TIP-ROOTING

161, METHOD Eight first-year canes in A and D, and fifteen in B
had their leaves removed as they formed. The canes were checked for new
leaves at least once a week. A similar number were marked as controls.
The numbers in each treatment that tip-rooted the following autumn are

R. 87
shown in Table 27.

162. DIBCUBSION Defoliation by reducing the vigour of the canes

was expected to increase tip-~rooting. The converse happened. The
removal of the leaves from the canes in D made them more upright, because
there was not the leaf weight to bend the canes over. Barnola showed
that upright canes were less likely to tip root than downward pointing
ones, which may be the reason that there was less tip-rooting by

defoliated aanes.

GROWTH OF DAUGHTER PLANTS

163, The relations between the daughter plant formed from a tip-
rooted stem, the parent cane and the laterals produced on the parent cane
were investigated. The daughter plant was separated from the parent cane
at different intervals after the initial rooting of the apex and with

different lengths of parent cane left attached to the plant.

EPFECT OF TIME OF SEPARATION ON GROWTH OF DAUGHTER PLANTS

164. In autumn 1874 a number of tip-rooted canes were marked in part

of area B. At roughly two monthly intervals during the following year
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eight daughter plants were selected at random from those marked and the
parent cane cut. At each date, for four of the plants the parent cane
was cut at about 5 cm from the daughter plant, while for the other four
100 cm of parent cane with from 8-10 leaves was left attached to the
daughter plant. The length of the new cane produced by the daughter

plant was followed during 1975,

P. R0
165. RESULTS Figure 28. There was no significant difference in

growth of daughter plants between the controls, left attached to their
parent rootstock and those separated, but with 100 cm of parent cane left
attached. New cane growth was 60-70% that of canes on established

rootstocks. The leaves on the parent cane section stayed alive,

166. 5 cm PARENT CANE LEFT ATTACHED The time at which the daughter
plant was severed from its parent was important where only a short length
of parent cane was left attached. Two of the plants separated on
November 19th died, as did one from January 23rd. Growth of the new cane
increased the longer the interval between the initial rooting and the
separation from the parent plant. By the beginning of August cutting the

parent cane had no further effect on daughter cane growth.

CRITICAL LENGTH OF PARENT CANE, GROWTH OF LATERALS ON DETACHED PARENT CANES

167. In autumn 1975, forty-eight tip-rooted canes in D were marked
and assigned at random to the treatments in Tabpl.z 958. The experiment
aimed to determine the minimum length of cane that had to be left attached
to a daughter plant for subsequent cane growth to be normal. A second aim

was to discover whether the daughter tootstock could support full lateral

growth on the parent cane if the latter were separated from its own

91
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TABIE 28 LEVATE OF ATTACHED PARWT CAYZ 41D 430, - Table 28
_OR 7T DAUSITER PIATTS
Length of narent cane left attached to ths
auzhter olant,
Controls +full +100cm  +H6gm +3hcm +0cn
cane
rarent
cane cut
on Nov.26th 56 80 hé 0 3L 0 Daughte:
1 - - %
975 58 100 33 17 35 17 C“?gm%en°tls
/
120 63 72 67 20 13
o? ugL.15 th 45 56 L5 29 13 28 "
7 Iy 3 60 32 51 13
L2 71 36 17 28 20
55 85 51 16 60 78

+full cane -~ the parept cane was cut as close to

A
e

rarent roctstockx as possible,
+0cm - the parent cane wzs cut as close to the
daughter plant as possible.
TABLE 29 TATOHRAL GROVTH ON CANE3 SAPARATZED FROT BITHRR Table 29
PARENT OR DAUAOTEZ ROCTITOCITS,
Controlis +full cane +Ccm
Parent cane
cut on
Nov.26th 7L 73 14-0 i'ernn lateral
- lenzths ver can
14 56 5+0 3 DS B
12+3 2+0 20°5
L1.J_ 0.15!)J:L ’i<.lj 24-08 9"1
115 104 15+3
o3 el 9+5
.A/X.-Lln :L\'{?g 15 'Df .L.L lu i \/
cf. variance ratio
Tinaz of sesaration 1 Qe8!
oint ~ 2 Le5
interaction 2 15
Residual 12 R.,H.3. 16



rootstock.

168. RESBULTS: NEW CANE GROWTH Variability was much higher than
in the previous experiment, in B, and one replicate of the November
separation was destroyed by deer. As a result no significant difference
was detected between the two times of cutting the parent cane. For
analysis of the effect of length of parent cane left attached the
treatments were grouped in two ways.

(1) CONTROLS, + FULL CANE, + 100 cm. There was no significant
difference between these three treatments. This confirms the
result of the previous experiment that about a metre of parent

cane left attached ensured normal growth of the daughter plant.

(2) + 100 cm, + 66 cm, + 34 cm, + 0 cm. Analysis of this
group showed a strong tendency for the length of the new cane
to increase with the length of parent cane left attached.
Figure 29, The F ratio for the linear trend was only slightly
below that for the 95% probability level,

169, LATERAL GROWTH 'rubpfoqgl& The laterals on the control parent
canes were compared with those on the "+ FULL", where the cane was cut

at the parent rootstock end, and '+ 0" where the cane was cut at the
daughter rootstock end. There was no difference in the number of laterals
produced in the three treatments. Length growth of laterals was, however,
significantly different, although the differences in length were not
great. The daughter plant was not quite as effective as the parent
rootstock in supplying the needs of the developing laterals. The greater

growth of laterals when separated from the daughter plant suggests posshble

competition hetween the two.
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OF DEFOLIATION ON Table =0
DAUGHTER CANE GRONTH

Controls Laterals on New cane only New cane &

parent cane defoliated laterals
defcoliated, defoliated
Daughter
attached to 37' . 50 35 11 Lengths
parent cane L8 . 28 34 37 of new
u7 36 22 22 c%g;§
52 38 49 23
Daughter
separated from 16 26 0 0
parent cane 31 16 o 5
15 17 3 6
2t 19 O I
Analysis of Variance
af, variance ratio
SeparatiOH fPom 1 83°h ***
parent cane
New cane defoliation 1 33°2 W
Tateral defoliation 1 ‘ lie5 =
X separation
Residual 25y R.N.S5. 555

Other nain effects and inieractions were non-significant.

TADTA 31 LATERAL GROWTH AND THEZ DEFOLIATION Table 31
OF DAUJSHTER CANES

rils

Controls Laterzls on New cane only Iew cane &

parent cane defoliated laterals

Daughter defoliated. defoliated
attaChed ﬁO 1&’8‘ 8°1 4“.1 6.0 Mean
parent cane o

236 3-8 120 ye5 LEDELRS

14 ¢3 6+0 17 6+5 laterals

r cane

19+3 62 88 3+0 Plzn)
Daughter 17°5 8«2 114 2+5
separated from 4 ., . . -8
parent cane 14°0 6-2 17-0 6

22°5 3°0 169 2+38

17+3 L5 231 “Teh

The reduction in lateral length caused by lateral defoliation is
signifiecant, all other main efLECbS and interactions are not.



COMBINATION OF DEFOLIATION AND SEPARATION TREATMENTS ON NEW CANE GROWTH

170. The effect of defoliation of the new cane was investigated
wvith reference to its dependence on the parent cane and competition with
lateral growth. Tip-rooted canes in B were assigned to the treatments

in Table 30. New leaves were removed as they formed, where appropriate,

at weekly intervals.

171. RESULTS Lengths of laterals and of the new canes are shown in
0.9 ond9

Tablcssq‘xor the different treatments. Growth of the laterals was not
affected by the presence of or the treatment of the new cane. Growth of
the new cane was, however, reduced by defoliation of the laterals. This
could imply that either the laterals contribute to growth of the new
cane or that both compete for the same cane reserves. The latter seems

more likely and defoliation of the laterals then increases their drain

on these reserves.

DISCUSSION

172. TIME OF DAUGHTER PLANT INDEPENDENCE The parent cane starts to
die~-back sbout a year after it tip-roots. By this time, therefore, the
daughter plant must be independent of the parent cane and rootstock.

Amor (1974 b) found no difference in the response of daughter plants to
herbicides or mowing, between those still attached to and those separate
from the parent plant, at 11 months old. My results suggest that the
daughter plant may become effectively independent of the parent by the end

of July -~ or about 9 months old.

173. TRANSFER FROM PARENT TO DAUGHTER PLANT The main source of

material transferred to the daughter during its growth is the cane and its

95
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leaves, not the parent rootstock, and in particular the section of cane
closest to the daughter. The transfer starts in the autumn as soon as

the tip has rooted. Over the winter, although there is no new stenm

growth, considerable root growth occurs. Root lengths increased from

6-10 cm in November to more than 40 cm by the beginning of March. Transfer

to the daughter plant continues through the spring and early summer.

174, MOVEMENT FROM DAUGHTER TO PARENT CANE Amor (1974 a) noted
that die-back of tip-rooted stems started in the middle and progressed
towards both ends, whereas ordinarily canes died back from the tip.

Lees (1884) found that a tip-rooted stem severed from its original
rootstock remained alive for a year. This indicates that movement of
material from daughter plant to parent cane can occur. My experiments
showed that not only can the parent cane survive, when attached only to
the daughter rootstock, but lateral growth on that cane is not greatly
reduced. The normal direction of movement in the paremt cane conducting

tissues is reversed in this situation.

175. DAUGHTER CANES AND LATERAL GROWIH The daughter cane formed

on & tip-rooted cane is similar in some ways to the laterals formed further
back along the parent cane. Both are partially dependent on the parent
cane's reserves. Growth of the daughter cane is, however, much greater
than that of a lateral in a similar position. The new plant thus appears
to be a more effective "sink" than a developing lateral. The experiments
shoved that later al growth on the parent cane could be affected by the
presence of a daughter plant and vice versa, although the effects were
snall. The terminal section of the parent cane, which is able to supply

most of the requirements of the daughter cane, normally bears only a



few laterals, hence competition between laterals and daughter plant

may be reduced.

VEGETATIVE AND FLORAL REPRODUCTION IN WYTHAM

OCCURREBCE OF TIP-ROOTED STEMS IN WYTHAM

176. During the sampling of bramble growth in A, B and C a record
F3g

was kept of any plants that had tip~-rooted the previous autunn( Table 32).

In areas of bramble regrowth in B there were more tip-rooted stems than

in the uncleared bramble, while in area D almost all canes tip-rooted.

177. TIP-ROOTING AND VIGOUR OF GROWTH A had the most vigorous
bramble growth, both in terms of dry-wéight per unit area and size of cane,
D the least. The regrowth areas within B were less ¥igorous than the

uncleared bramble. Thus the distribution of daughter plants fits with

the work of Barnola (1971) on tip-rooting by individual canes.

178. CANOPY STRUCTURE AND TIP-ROOTING Juvinile "rooting" stems were
produced by canes in A, but frequently did not reach the ground, even
though some were over a metre long. The bramble in A was far denser,

in terms of the interlacing of stems, than in the other areas. Thus there
were far more stems tending to support a "rooting" cane, which reduced the

chance of it reaching the ground before external conditions, or internal

controls, brought its growth to an end.

179 In a part of area B from which the bramble was cleared away in
autumn 1974, the effect of supporting structure on the number of canes
tip-rooting, was examined. 8ix 3m X 3m areas were marked out in spring 1975

before any cane growth had begun. Three were covered by beech branches and



LABEE 32 ATTROTINT O PIP=-2007%
OC.J-‘J- d_d. oS ad C, .LIJ. -Lr)\ LuD Tablc 32
STEMS TN WYTHAL
Area - A B C
Harvest plots 0 ~05 0-22 frequency/sq.m
Qegrowth 133 -
(cleared 1973)
TABLE éz LEFPECT OF 3URRORTYTING STR2TCTIRR Table 33
O TIP=-ROOTITNG
Totel stem No. rooting € Rooting
no.s
Controls L7 11 23 pcr 3x3m
49 9 18 wrea
57 11 19 .
Srens with L2 2 5 -
brrneh - .-
covaring L3 6 13
51 14 27 -
TASLE 34 VEGETATIVE & FIORAL REPRODUCTION Table 3L
IN AREAS A.B,C.
Area A B c
Floral weight 240 25 C*5  /sqg.o
frequency of o= Y e
tip-rooted canes 0 0°05 JTe2 por sz.m
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twigs (less than 2cu diameter) to form a loose network 30-40cm deep.
This was to simulate the network of stems that a first-year cane grows
through in uncleared bramble. In autumn of that year the numbers of

e P' qs
canes that had tép-rooted in the six areas were countod‘ Table 33) e In
twvo of the covered areas tip-rooting was reduced relative to the control

aread.

180, ESTABLISHMENT OF DAUGHTER PLANTS IN THICKETS The interior of a
bramble thicket does not appear to be less favourable for establishment

of daughter plants than open areas. Daughter plants were found within a
fow centimetres of eétablished rootstocks. Amor (1974 a) suggests
conditions within a thicket may be more favourable for successful tip-
rooting. There is a moister microclimate and the litter layer may provide
a ready source of nutrients for the daughter plant. The thicket also

gives protection against animals that might uproot or eat the young growth.

RELATIVE ABUNDANCE OF FLORAL AND VEGETATIVE REPRODUCTION

181. RUBUS CAESIUS RESULTS Abrahamson (1875) found that for R. caesius

the relative amounts of vegetative and floral reproduction varied with the

density of growth at that site. The ratio bud, flower and fruit weight
dry weight of stem-tip layers

for a plot increased with increasing density of the site. There was a
strong tendency for the two forms of reproduction to be complementary with
vegetative reproduction predominating at low density sites and floral

reproduction in high density areas,

182, WYTHAM RESULTS The same trend was seen for areas A, B and C in

P18

Wythan‘ Table 34) if density im interpreted as total amount of stem

material present rather than just numbers of plants, per unit area. Area
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D which had a lower stem density than C had a higher frequency of tip-
rooting and lower floral production. Regrowth areas in B similarly
showved reduced flowering and increased tip-rooting, relative to the more

dense uncleared bramble.

DISCUSSION

183. DAUGHTER PLANTS AND SEEDLINGS The daughter plant has, in the
parent cane, a much larger food base than the seedling. Amor (1974 a)
found that a greater proportion of the early growth by daughter plants
vas as roots compared to early seedling growth. A higher proportion of
daughter plants than seedlings survived their first year of growth.
Because of its higher reserves a daughter plant is more likely to be able
to establish under unfavourable or competitive conditions, such as in

grassland,

184, TBICKET FPORMATION Spread by tip-rooting of canes can lead to
rapid development of a dense thicket from a few original rootstocks. This

was described for R. procerus by Amor (1974 a). He found that outward

spread of a thicket at one site was 3.3m a year.

185. During initial invasion of a site, the bramble density is low

and vegetative reproduction advantageous because of the speed with which

a thicket can be formed. Once a thicket is formed, vegetative reproduction
is less of an advantage as intra-specific competition is high. Greater
floral reproduction relative to vegetative spread, characteristic of

high density sites, inocreases the chances of colonisation of a new site.

186, REPRODUCTION ON MARGINAL SITES On sites such ad D which are
narginal for bramble growth, unfavourable conditions keep stem density
lov. Individual plants grow less and death of rootstock is more likely.

Vegetative reproduction is more effective at maintaining the numbers of



rlants because the greater food hase of the daughter ~lant increases its

chances of survival relative to those of a seedling.

187. REGULATION OF REPRODUCTION The complementary nature of the
two forms of reproduction in different areas of Wytham suggests that both
may be controlled by the same factor. This might be external such as the
level of 1light increasing flowering, but decreasing root boss formation.

Internal controls are also involved.

188. Strongly growing canes are less likely to form juvenile
"rooting" stems than weak canes. In addition vigorous canes tend to
form dense thickets. These often make the canes more upright reducing
their tendency to tip-root, and also reduce the chances of any rooting

stem that is formed reaching the ground.

189, On the other hand vigorous canes produce long laterals, which
are more likely to flower and fruit than laterals borne on weak canes,
There appears to be some competition between growth of a daughter plant
and that of laterals. Any reduction in tip-rooting may thus increase the

reserves available for lateral growth and flowering.

190. TIP~-ROOTING AND "WEEDINESSY Cane tip-rooting is one of the

characteristics that makes Rubus fruticosus a weed. Amor (1973) whowed

that the tendency with which different bramble species formed tip-rooting
stems was a major factor in distinguishing those species that were classed
as weeds in Australia from those that were not. Some of the results
obtained in Wytham on occurrence of tip-rooting and daughter-plant

development may help in tackling the bramble weed problem,

101
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NON-DESTRUCTIVE SAMPLING

181. INTRODUCTION The destructive sampling of bramble in areas

A, B and C during 1974 provided an opportunity for comparing the
effectiveness of different non-destructive methods of measuring bramble.
Such measurements can be made repeatedly at the same point without
altering the growth there. Destructive sampling alters subsequent
growth; regrowth is less vigorous and the surrounding bramble canopy

is disturbed.

MEASUREMENTS OF INDIVIDUAL STEMS

192. STEM LENGTH Stem lengths provide a measure of their growth.

Measurements made on individual canes and laterals were converted to an

area basis by using the mean demsity of canes per unit area. The

contribution of the standing dead to total stem length was calculated

using rates of turnover for this component derived earlier, page ‘FS’ .
P.103

Table 35 shows estimates of total stem length per unit area, derived

in this way, together with actual stem lengths per plot at Harvest 6,

103. LEAF COVER Leaf cover was found to be similar in A and B.
Table 36 shows that differences in the numbers of stems per unit area
wvere offset by the differences in individual stem length, and hence
numbers of leaves per stem. Final leaf numbers per plot were thus
similar. Leaflet diameters were the same and as this was closely

Al
correlated with leaflet area@EiguréMEO) leaf area per plot was thus

similar for the two sites, A and B.

104, WEIGHT-ON-LENGTH REGRESSIONS Regressions of dry weight on
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TABLE 36 LEAF NULBERS PER METRE-SCUARE Table 36
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Area No of 4st yr.s Leaf nos/cane Leaves/sqg.m

per metre-square

T t
A 31 232 71-S
5

No of erals Leaf nos/lateral Leaves/sqg.m
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sten dimensions have been widely used in forestry for estimating tree
biomass. Bunce (1968) derived similar equations for undergrowth species
including bramble and bracken. From equations of this sort the dry
weight of bramble in a plot could be calculated if the dimensions of
stems in that plot were measured. The denseness and size of some of the
bramhble stands in Wytham would have made such measurements very difficult

without considerable disturbance of the stand.

AREA MEASUREMENTS - INTRODUCTION

915. Measurements made on an area basis are an integration of the
growvth of the various stems in the plot. There is no direct measure of
the relative contributions of lateral and cane growth to the overall
changes observed. Growth within the plot may be influenced by conditions
acting on sections of cane outside the plot. Plot measurements have

the advantage that precisely the same point is recorded each time. The
same paths can be used to reach the plot thus keeping disturbance to a

ninimum,

196. To test and calibrate the methods used, all the harvest plots
in A, B and C were ''recorded" immediately before they were cut. Pive
permanent plots, each a metre-square, were also set out in each of the
three areas. These were recorded during 1974 for comparison with the

harvest plots and during 1975 to look for year-to-year variation.

197. The methods used were point quadrats, for determining the
quantity and distribution of leaves, and Intersection Values. These
latter were used to estimate the length of stem in a plot and also the

total dry-weight of bramble present.
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POINT QUADRATS

INTRODUCTION

198. Point quadrats give an estimate of the leaf area present in
& plot. The nature of the estimate, relative to tosal leaf area, depends

on the sire and angle of the pins and on the angle of thelccuvss themselves.

199, S8IZE OF PIN Thick pins tend to lead to over estimation of

the leaf area, The degree of error involved depends on the dimensions
of the leaves. (Warren-Wilson 19%3). 1.5mm pins were used in this
study and only tip-contacts recorded. For mature leaflets of dimensions,

50 X 55mm, the theoretical error was about 6%.

Error = d x (1+b) d = pin diameter
1b 1l = leaf length
b = leaf breadth

The error was greater for smaller leaflets, but still small compared to

other aougol.

200. The narrower the pin the greater the lashing movement of the
tip aa 1t gets further from the bottom of the frame. In Wytham the bulk
of the bramble canopy at any one point was within 30cm of the frame,
although overall canopy depth was often greater. Sideways movement of

the tip was thus not very great.

201. ANGLE OF PINS Warren-Wilson (1860) showed that, where leaf
angles varied, the most consistent emtimates of leaf area from point
quadrats were obtained using pins inclined at 32.5° to the vertical.

Vertical pins were, however, much easier to use, particularly in the
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taller bramble stands in Wytham. The number of hits recorded was thus

e measure of the effective horizontal area of leaf in that plot.

THE RECORDING PROCESS

202, DISTRIBUTION OF POINTS The frame used was 50cm long with

10 holes at Scm intervals. It was fixed in the ground by a central spike.
The spike was placed at random in a plot by using a system of approximate
coordinates and random numbers. The frame was then orientated at random

in any one of six directions, corresponding to 1-6 on a clock face.

203, All ten points per frame were used so that the plot was sampled
by a series of random lines of points. From ten to twenty positions of
the frmme were needed per plot, depending on how many of the points fell
outside the plot, to give a total of 100 points/sq.m. This number was
chosen by obsefving the trend in mean hits per ten points for successive
additions of ten points. (Grieg-Smith 1944). Use of only one point per
frame rather than all ten was shown to require fewer total points to
obtain the same precision of result (Winkworth 1955). Because of the
greater number of times the frame has to be moved, this would have

requtred a longer time per plot in Wytham.

204 . HITS RECORDED All contacts, not just the first per point, were
recorded. Initially both leaf and stem hits were noted, bui later stem
hits were abandoned. Leaves of the current-year's growth were
distinquished from those of the previous year. No attempt, however, was

made to separate cane leaves from lateral leaves.

208. HEIGHT OF HITS The height of each hit was recorded and used

to prepare canopy profiles. A second pin, graduated in centimetres,
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was lowered alongside the original pin. The height of leaves relative
to each other was more important than their absolute distance from the
ground directly beneath them. Measurements were made therefore of the
distance of the leaf from the frame, and mean height of the frame above
the ground used to convert these distances to heights. Some srror was
introduced when the frame was not horizontal. This was smaller than
the discrepancy arising from direct measurement of the height of each

leaf, because of the differences in ground level that occurred within

a plot, even where there was no slope from one side to the other.

206, LEAF ANGLES The relation betwemn effective horizontal area

as measured by leaf hits and total leaf area depends on leaf angle. There

was, however, no simple relation between them for bramble because leaflets

frequently sloped in two directions at once and the angle of slope
varied along the leaflet. An attempt was made to gain some estimate of
leaf angles by using a protractor and plumb line although this was

imprecise.

LEAF HITS/8Q.M. FOR THE HARVEST PLOTS

207. LEAF HITS AND MEASURED LEAF AREA For harvests 1-8, leaf hits

were compared with measured leaf-area, page 21, Regressions of leaf
£o1og, log.

area on hit number are shown in Figures 31, 32. Except for the early

growth of 74 leaves there was a tendency for leaf-hits to under-estimate

the actual total leaf area. The under-estimation increased and correla-

tion decreased for the 73 leaves which had survived over winter,

208, CAUSES OF UNDERESTIMATION OF LEAF AREA Errors resulting from
the finite size of the pin or "lashing" movements of the pin tip tend to
increase the number of leaf hits relative to the total area. Some hits

were missed <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>